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ABSTRACT 


The vegetation and soils of an involuted hill, a massive 
ground-ice landform on the Pleistocene Mackenzie Delta, were described 
quantitatively and qualitatively. The vegetation from 34 stands was 
classified into 5 community types (ct's) within 3 tundra groups, using 
minimum variance cluster analysis, principal components analysis and 
field observations. The Upland Tundra Group occurs on the outer 
ridges of the hill, on midslope positions and on the large ice-wedges 
of the hill's central plateau. There are 2 ct's in this group, the 
Salix glauca-Lupinus arcticus ct and the Betula glandulosa-Vaccinium 
vitis-idaea ct. Orthic Turbic Cryosols are the dominant soils in this 


group. 


The Depressional Wetland Tundra Group occurs in wet, low-lying, 
sites in which the ground water is stagnant. This group is composed 
of 2 ct's. The Moss-Eriophorum vaginatum ct occurs in the large 
depressions between the outer ridges of the hill and in smaller 
ice-wedge polygon depressions; Gleysolic Static Cryosols are the 
dominant soil type. The Lichen-Ledum palustre ct occurs on 
well-developed, high-center polygons and in snowpack sites; Mesic or 


Humic Organic Cryosols are the most common soils in this ct. 


The Lotic Wetland Tundra Group is found only along drainage 
channels that dissect the outer ridges of the hill. The Salix 


pulchra-Alnus crispa ct makes up this group. 
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All the ct's found on the involuted hill have been reported from 
other low arctic sites in North America. However, while the 
Depressional Wetland Tundra Group appears to be common along the 
arctic coastal plain, the Upland Tundra Group is more characteristic 
of the Foothills province of Alaska. It appears that the upland sites 


on involuted hills act as disjunct foothill elements. 


Soils in depressional sites are water-logged. Plants that are 
able to translocate oxygen to their roots (e.g., Eriophorum vaginatum) 
or which root above the anaerobic portion of the solum (e.g., most 
ericads) dominate in the depressions. The drier, more aerated, soils 
of the Upland Tundra Group do not produce the gas exchange and 
toxicity problems encountered in the depressional sites. Therefore, 
in the upland sites, plants are able to freely root through the 


Surface organic horizons. 


Nutrient availability is a major factor which determines the 
location of the ct's on the involuted hill. A literature survey 
revealed that in tundra sites, deciduous shrubs have the highest 
nutrient demands, followed by graminoids, with evergreen shrubs being 
among the least nutrient-demanding of vascular plants. The Salix 
glauca-Lupinus arcticus ct is restricted to the sites of highest 
nutrient availability. Betula glandulosa is also most common in 


nutrient-rich stands. 


Depressional stands are dominated by species adapted to nutrient- 


-poor conditions. These species have low nutrient requirements and/or 
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are efficient in retaining nutrients they accumulate (e.g., Ledum 


palustre, lichens and mosses). 
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1.0 INTRODUCTION 


Previous synecological research in low arctic regions has 
attempted to establish the relationship between topography and 
vegetation patterns. Webber (1978), working in Barrow, Alaska, 
regarded microrelief, through its effects on drainage, as the 
principal control on the plant environment. Janz (1974) investigated 
soil and topographic relationships on the Pleistocene Mackenzie Delta 
and attempted to relate environmental patterns to the plant communi- 
ties in the region as described by Corns (1974). Periglacial 
geomorphic features appear to be the major topographic elements along 
the arctic coastal plain; the distribution of plant communities is 


often related to the patterns of relief created by these features. 


In the mid-1970's there was increasing resource exploration and 
anticipation of industrial development within the Mackenzie Delta 
region. Hence phenomena such as massive bodies of subsurface ice 
became of concern to engineers, geologists and ecologists, due to the 
high susceptibility to thermokarst erosion shown by these features. 
In response to this concern the Geological Survey of Canada initiated 
a number of studies to determine the nature and extent of massive 


ground ice features in the Mackenzie Delta region (e.g., Rampton and 
Mackay 1971, Rampton and Bouchard 1975). Geological investigations 


were conducted on two involuted hills in an attempt to determine the 
origin of these massive ground ice features. The Geological Survey 


also wanted baseline data on the plant communities which occur on the 
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The general purpose of this thesis is to provide plant ecological 
information about an involuted hill which was studied by the 
Geological Survey. The principal objectives of this study are to: 
(1) provide an ecologically meaningful classification of the vascular 
plant community types (ct's) which occur on the involuted hill, (2) 
relate the ct's on the involuted hill to ct's found in other low 
arctic regions, and (3) attempt to provide some insight into edaphic 


factors affecting the distribution of the ct's on the involuted hill. 
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2.0 STUDY AREA 


The involuted hills are concentrated in an approximately 500 sq km 
area which starts about 15 km east of the hamlet of Tuktoyaktuk. The 
involuted hill investigated in this project lies within the Geological 
Reserve created by the Geological Survey of Canada (Scott pers. comm. 
1979) and is located at approximately 69°30'N Lat. and 132°30'W Long. 


(Figure 1). 


2.1 Geological History 


Involuted hills are large (1 x 2 km diameter and 30 m high) 
ice-cored mounds, in which both the ice wedge polygons and massive 
ground ice, which form the hills, have differentially melted out and 
partially slumped (Mackay 1963). A series of involutions on the hills 
has been created by the melting and slumping. On air photos, the 
involuted hills resemble “the wrinkled skin of a well-dried prune" 
(Mackay 1963) (Plate 1). The involutions “are curving to branching 
ridges, ranging up to several hundred yards in length, several score 
yards in width, and 20 feet in height" (Mackay 1963). Involuted hills 
along with pingos are important landform and ecological features on 
the Pleistocene Mackenzie Delta as they are the main elements of 
relief in the otherwise relatively flat, poorly drained, tundra 


terrain. 


The area in which the involuted hills occur is underlain by the 


stratified sands and gravels of an ancient Pleistocene delta. These 
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Figure 1: Involuted hills on the Pleistocene Mackenzie Delta. 
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Plate 1 


Air photo mosaic of the involuted hill 
study area. Dark tones are ridges or 
large ice wedges and are occupied by 
Stands of the Upland Tundra Group. 
Lighter tones are stands of the 
Depressional Wetland Tundra Group. 
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deposits are found at a depth of approximately 35 m under the hills 
and 15 m under the surrounding area (Rampton and Mackay 1971, Rampton 
and Bouchard 1975, Scott, pers. comm. 1979). A 15-m thick layer of 
clayey diamicton lies over the sandy sediments. The diamicton appears 
to be a till but its surface has experienced slumping and is, there- 
fore, colluvial in origin (Rampton and Bouchard 1975). Under the 
involuted hills, between the sand and gravel sediments and the 
diamicton, there is a zone of highly convoluted massive ground ice. 
These ground ice masses are responsible for the relief of the 
involuted hills; if they were to melt out the hills would collapse to 


the level of the surrounding terrain. 


The basal sand and gravel deposits appear to be of glacio-fluvial 
origin from a proglacial delta that prograded into a marine 
environment (Rampton and Bouchard 1975). The overlying till is 
believed to be from an early Wisconsin advance of the Laurentide 
ice-sheet. An early- or pre-Wisconsin date is, therefore, ascribed to 
the sandy sediments. Radiocarbon dates from the area are beyond the 
range of oan thereby indicating that the till deposits are greater 
than 40,000 years old (Mackay et al. 1972). Rampton (1982) calls this 
early-Wisconsin advance the Buckland Glaciation. This glaciation 
covered the Mackenzie Delta area to the Richardson Mountains in the 
west and reached its northern limit along a line from Kugmallit Bay 
across the Tuktoyaktuk Peninsula to Liverpool Bay (Forbes 1980). The 
late-Wisconsin glaciation apparently did not cover the Tuktoyaktuk 
Peninsula area; hence the area has probably been unglaciated for at 


least 40,000 yrs (Forbes 1980, Rampton 1982). 
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The massive ground ice under the till formed subsequent to 
glaciation for it is not composed of glacial ice (Rampton 1973). 
It has been proposed that the water which formed the massive ground 
ice came from the melting continental glacier, flowing through the 
sandy sediments under the till driven by a hydraulic gradient created 
by the weight of the retreating glacier (Rampton 1973). Massive 
segregation ice between the till and sandy sediments formed under the 
influence of the periglacial climates which developed subsequent to 
glaciation. The involuted hills have probably been in existence since 
the retreat of the late-Quaternary continental glacier (40,000 yrs). 
Rampton (1973) states that the Tuktoyaktuk Peninsula was fairly stable 


geologically for the remainder of the Quaternary. 


During a postglacial period from about 11,500 to 3,600 B.P. the 
climate improved and at about 8,000 B.P. was warmer than present 
conditions (Ritchie and Hare 1971, Ritchie 1972). During this period 
there was extensive thermokarst activity and the hills probably took 
On their present involuted appearance through slumping caused by 
melting of ice wedges and differential exposure of massive ground ice. 
Thermokarst activity appears to have slowed when climatic conditions 
started to deteriorate at 5,000 yr B.P. (Rampton 1973). Thus it seems 
that the involuted hills have been in existence for about 40,000 yrs 


and have attained their present form within the past 5,000-10,000 yrs. 


2.2 Climate 


The study area has a maritime tundra climate (Burns 1973). The 
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nearby hamlet of Tuktoyaktuk has a short frost free period (56 days) 
and low annual precipitation (138 mm) (Figure 2). However, this frost 
free period is about 3 weeks longer than that at Barrow and 
Tuktoyaktuk receives 30% more precipitation over the year (Webber 
1978). Tuktoyaktuk and Barrow have mean annual temperatures of -10.9 
and 12510. respectively, and a mean daily maximum temperature of the 
warmest month of 15.2 and Rae respectively (Webber 1978, Canada 
Climate Program 1982). The warmer, wetter climate of Tuktoyaktuk is 
probably due to the moderating influence of the Mackenzie River. The 
river brings in warm water from southern areas causing a relatively 
early breakup and more moderate temperatures along the coast (Gill, 


pers. comm. 1977). 
G63, SOWIS 


The most prominent features of the soils on the Tuktoyaktuk 
Peninsula are the presence of PERE LOee near the surface combined 
with intense cryostatic activity. Permafrost inhibits drainage 
through the soil profile and subsequently seasonal waterlogging is 
common in the lower part of the active layer (Zoltai and Tarnocai 
1974). This inhibition of drainage creates anaerobic conditions and, 
subsequently, gleyed horizons in the mineral part of the solum are 


common. 


Earth hummocks, which are created by frost activity, are the 
dominant micro-topographic features in the region. Soils which 


develop under these hummocks are extremely cryoturbated with the upper 
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Climatic diagram for juktoyaktuk, NiW.1.(arter Walter 1973) 
on the basis of data from the Canadian Climate Program 
(1983). Abscissa: months (Jan.-Dec.); ordinate: 1] division 
= 10 C or 20 mm precipitation. a,station name; b,elevation; 
c,duration of observation (yrs); d,highest recorded temper~ 
ature C; e,mean daily maximum temperature of the warmest 
month; f,mean daily minimum temperature of the coldest month: 
g, lowest recorded temperature; h,curve of mean monthly temp- 
erature; i,mean annual temperature; j,mean annual precipita- 
tion; k,curve of mean monthly precipitation; |],months with 
mean daily temperature below 0 C; m,months with absolute 
minimum temperature below O C; n,mean duration of frost 

free period in days. 
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horizons commonly being broken by frost action and parent material 
being forced to the surface (Zoltai and Tarnocai 1974). Profile 


development is weak in these soils. 


Zoltai and Tarnocai (1974) report that Turbic Cryosols dominate in 
the Pleistocene Mackenzie Delta Region while Clayton et al. (1972) 
report the dominant soils are Cryic Gleysols with subdominant Cryic 
Regosols. The Canadian System of Soil Classification as devised by 
the Canada Soil Survey Committee (1978) resolves these two points of 
view. Under this system the dominant soils of the region would now be 
classified as Gleysolic Turbic Cryosols with Regosolic or Orthic 
Turbic Cryosols being subdominant. The Gleysolics will tend to be 
more common in depressional positions while the Regosolics and Orthic 
Turbics will be more common in the somewhat better drained upland 
Sites. Clayton et al. (1972) also report significant inclusions of 
fibrisols on the Tuktoyaktuk Peninsula. Under the Canadian System of 
Soil Classification (1978) these soils would now be contained within 
the Organic Cryosol Great Group. These Organic soils are common in 
drained lake basins and in other locations which have well developed 


high-center polygons. 
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3.0 METHODS 
3.1 Field Research 


In this thesis 'stand' refers to a particular example of 
vegetation which was sampled. ‘Community type’ refers to a grouping 
of similar stands. Representative stands for vegetation sampling were 
chosen from low-altitude, orthophoto maps of the involuted hill 
(Geological Survey of Canada 1977). Stands to be sampled were chosen 
on the basis of differences in tone and texture on the orthophoto map 
and on differences in topographic position. Transects 50 m in length 
were located in the field from the orthophoto maps. The transect was 
placed in the center of the stand as close to parallel to the long 
axis of the stand as possible. Two l mé quadrats were sampled within 
each 10 m section of the transect. The location of the quadrats 
within the 10 m section were chosen from a three-digit random numbers 
table. The first digit determined whether the first quadrat was on 
the right side (even number) or left side (odd number) of the 
transect. The second quadrat was always on the opposite side of the 
transect from the first quadrat. The second digit indicated the 
position of the first quadrat, in meters, from the start of each 10 m 
section. The third digit indicated the position of the second quadrat 
from the start of the section. This procedure was repeated for all 
five 10 m sections in the transect, yielding ten randomly stratified, 
1 mé quadrats for each of the stands. Quadrats were placed 1 m from 
the transect line in order to avoid sampling vegetation which had been 


crushed during establishment of the line. Between June 22 and July 
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31, 1980, a total of 35 stands were sampled. One transect was 
eliminated from the data-set as it included both high- and low-center 


polygon community types and therefore was distinctly heterogeneous. 


Within each quadrat live vascular plant cover was estimated by 
species and assigned a cover class value (Table 1). Covers of both 
lichens and mosses were estimated for their entire taxonomic complex, 
i.e., they were not separated into species. The height of the tallest 
plant species in each quadrat was also recorded. Surface conditions 
were described in each quadrat including the areal extent of hummocks, 
interhummock depressions (hollows), and tussocks. Specimens of all 
vascular plant species that were found on the involuted hill were 
collected. Voucher specimens were deposited in the Northern Forest 


Research Centre Herbarium (NFRC) in Edmonton. 


During a dry period from the 17th to the 3lst of July soils were 
sampled in 18 of the 35 vegetation stands. The soil sample sites were 
chosen on the basis of drainage regime and vegetation. Five pits 5 m 
apart were dug in each of the sampled stands. At 3 of the pits, the 
following data were recorded: 1) soil temperature, 2) frost depth, 

3) thickness of organic and clay horizons, 4) geomorphic features, and 
5) dominant vegetation. At the other 2 pits the above data were 
collected and, additionally, each horizon was identified and its 
thickness, texture, structure, color and lower boundary form were 
noted. Depth to frost was measured by inserting a steel probe into 
the ground until it contacted the frost table, withdrawing the probe 


and then measuring the depth of penetration along the probe. Field 
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Table 1. Midpoints assigned to cover class values; based 
on % of ground covered by a species in each 


quadrat. 

Cover Class Value % Cover Range Midpoint 
: rare a 
1 al AS) 
2 P= 5 3 
3 6 - 10 8 
4 11 - 25 18 
5 26 - 50 38 
6 Sli 63 
i 76 - 90 83 
8 91 - 95 93 


9 96 - 100 98 


descriptions of the soil profiles followed Dumanski (1978). Samples 
for soil moisture, texture and nutrients were taken from each of the 
major horizons (< 5 cm) in each of the soil pits and placed into heavy 
gauge plastic bags which were then heat-sealed. This collecting 
method followed Zoltai (1980). In transit to Edmonton, soils from 3 
of the stands were lost and, therefore, moisture, texture and 


nutrients were determined for 15 stands. 


3.2 Laboratory Procedures 


The cover-class values assigned to each species were converted to 
midpoints (Table 1). Averaging of the midpoints for each species in 
the 10 quadrats gave a mean cover for that species in the stand. 
Similarity coefficients for the n(n-1)/2 = 561 stand pairs (distance 
matrix in Appendix I) were computed as squared euclidian distance 
(Wishart 1978). Wards method of minimum-variance cluster analysis 
(Wishart 1978) was used to classify the stands into community types 
using Wishart's CLUSTAN 1-C program-set. Since lichens and mosses had 
several species in each stand but were recorded as single taxonomic 
units, they were masked from the final analysis. However, comparison 
between runs in which lichens and mosses were masked and un-masked 


showed no important difference in stand classification. 


A principal components analysis (PCA) was done in conjunction with 
the above technique in order to help synthesize the cover value data 
from the stands so that they could be grouped into community types. 


PCA is a useful classification technique when the underlying 
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environmental factors controlling the distributions of species is not 
known. Mathematical details for the calculation of PCA can be found 
in Orloci (1975) and Pielou (1977). Simple summaries of the 


principles of PCA are given by Gauch (1977, 1982). 


A single PCA was run using untransformed cover data from the 34 
stands. The analysis was carried out using the CLUSTAN 1-C program 
package of Wishart (1978). Since the number of species and stands 
were relatively small there were no problems encountered in program 
restrictions and therefore cover values for all species were included 
in the analysis. A single two-dimensional ordination of all the 
stands on the hill was constructed using the first and second 


principal components as the x and y axis respectively. 


Species names follow Hultén (1968). Data sheets for the plant 
community survey, based on Corns (1974), were drawn up before the new 
flora for the region (Porsild and Cody 1980) was published. 
Differences in the classification of certain species groups between 
the two nomenclatural authorities make translation to the new system 


difficult. 


Soils were collected in heavy plastic bags and heat-sealed (see 
3.1); this method yields good results for physical properties and 
nutrient analysis (Zoltai 1980). However, due to organic matter 
decomposition in the sealed environment, the pH values of the samples 
may have decreased towards the acidic side of the scale. The pH 


values cited in this text are, therefore, probably lower than those of 
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fresh soil samples. Also, though the bags were heat-sealed, there may 
have been moisture loss from some of the samples. The samples were 
stored in a very dry laboratory; the vapour pressure of the air in the 
bags would have been higher than that of the surrounding air. 
Diffusion of air from some of the bags is evidenced by the bags being 
drawn tight around the soil sample. Some moisture from the soil was 
probably lost during diffusion from the bag. Since there is no 
measure of the moisture loss from the bags, loss was assumed to be 
uniform between the samples. Reported moisture contents are, 
therefore, minimum values; field moisture was probably higher. Due to 
initially inadequate storage and processing facilities, partial 
decomposition of the samples could not be prevented. Therefore, the 
available nutrient values are meaningful only in relation to other 
samples from this study and should not be uncritically compared to 


data from other research. 


Since bulk density was not determined in the field, nutrient 
analysis was initially calculated on a per unit weight rather than 
volume basis. Because the organic soil samples are very light in 
comparison to the mineral soil samples, however, this method produces 
results which make the organic samples appear to be much more 
nutrient-rich than the mineral samples. In order to compensate for 
this problem equal weights of dried samples from the organic and 
mineral portion of each pit were weighed and then their volumes 
measured under equal compaction pressure. A conversion factor based 
on volume was determined for each sample in order to express the 


nutrient value of all soils on a unit-volume basis. Even with this 
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conversion nutrient values of the organic samples appear to be too 
high. The higher values may be due to breakage of the organic matter 
in processing, thus yielding higher weight per volume than would have 


occurred in untreated fresh samples. 


Field soil moisture content was determined by weighing a sample of 
the soil, drying it at 105°C for 24 hours, and then re-weighing it 
(Eilers 1976). Laboratory analysis on the 2 mm fraction included: 
pressure plate extraction to determine moisture retention at -1/3 and 
-15 bars (Eilers 1976); particle-size analysis by the pipette method 
(Green 1976); pH by calcium chloride (Osborne 1976); and organic 
matter by the wet oxidation method of Walkley and Black (1934). 
Exchangeable cations were determined by extraction with ammonium 
acetate and by atomic absorption spectrophotometry (Chapman 1965). 
Total phosphorus was determined by sodium carbonate fusion (Atkinson 
et al. 1958) and total nitrogen by a semi-micro Kjeldahl method 
(Bremer 1965). Statistical analysis of soils data were conducted by a 


Students t-test at 95%. 
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4.0 RESULTS 


4.1 Vegetation 


ald Cluster Analysis 


A cluster analysis dendrogram was used to classify the plant 
community types (ct's) on the involuted hill (Figure 3; see methods, 
3.2). The classification is quantitative as it is based on the cover 
of plant species and the plant community types are thus distinguished 
in terms of both species composition and species structure. The 
dendrogram contains 3 primary clusters which effectively separate the 
community types into upland sites on the left and lotic and 
depressional sites on the right. These 3 clusters are fused at a 
coefficient of 150.911. Five secondary clusters, corresponding to 
community types, are distinguished at a coefficient of 56.306. The 
primary upland cluster consists of 2 secondary clusters which include 
(1.) stands dominated by Salix glauca (1,8,10,12,16,18,25) and (2.) 
Betuhargilandulosay (2,456, 13514 ,17,20;21,27,32.35). the primary 
depression cluster consists of 2 secondary clusters. The first 
cluster (3.) is dominated by moss species, predominantly Sphagnum; 
shrubs have notably low cover values (stands 3,5,9,11,15,19,28,29,32). 
The second cluster (4.) (stands 7,22,23,24,30) is dominated by lichens 
and is quite heterogeneous in terms of composition. Ordination 
reveals that stands 22 and 24 are also closely related to the 
preceding cluster (see below). Stands of the final, lotic, cluster 


(5.) are dominated by Salix pulchra (26,33). 
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Figure 3. Quantitatively-based cluster dendrogram showing classifi- 
Gation hierarchy of stands found on the involuted hill. 
Bracketed numbers indicate community types recognized at 
the 56.306 coefficient. 
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a is2 Ordination 


Species cover data were used to construct an indirect ordination 
of the involuted hill stands (Figure 4; see 3.2). Generally, the 
results of the ordination supported the community classification of 
the cluster analysis, but there was some deviation. Again, upland and 
depressional sites were clearly separated with upland stands grouped 
to the left of the vertical axis and depressional stands grouped to 
the right. Also, with the exception of stands 2,6,13,17 and 21, 
shrub-dominated stands lie above the horizontal axis while 


non-vascular-dominated stands lie below this axis. 


Stands of the ct dominated by Salix glauca (1.) tend to lie to the 
extreme left of ordination. However, stands 1 and 10 of this ct lie 
within the Betula glandulosa ct sector of the ordination, which lies 
Slightly to the right of the Salix glauca sector. This minor overlap 
of stands shows the compositional similarity of the two community 
types, but since the Betula stands form a tight group with no 
intrusion into the main Salix glauca sector the cluster analysis was 
not changed. Also, the Betula group may separate from Salix #1 and 10 


on a third axis. 


Stands of the moss ct lie in the lower right portion of the 
ordination diagram. Stands from the lichen ct which have developed on 
high-center polygons form a separate group slightly to the left of the 
moss ct. However, stands 22 and 24 of the lichen ct are found within 


the moss cluster; both of these stands are in snowbank sites and have 
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Siaalnix pulchra- 
Alnus crispa Cat 
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Figure 4. Principal components analysis ordination of the 34 stands, 
5 tundra community types, and 3 tundra groups of the 
involuted hill study area. 


2 tse ‘tteni ote. “milla? 


® 
_ 


7. 


“? . s a rere £ 4 
.eenetz ae sadn Fo} ole tae 22 09negne2 otf oi” 
az Je ait eeqys Sls ite nhnw: ‘ 
gneiss Youle at fleas! if 
: 
: A 
me <a ae 


| a 7 


Pics 


high covers of both lichens and mosses, the dominants in the two 
community types. Since snowbanks and high-center polygons both have 
severe environmental conditions, it was decided to leave stands 22 and 


24 within the lichen ct rather than linking them to the Moss-E. 


vaginatum ct. 


The Salix pulchra ct (5.) occupies the upper right portion of the 
ordination. The wide spacing between the stands in the ordination 
diagram combined with the relatively high coefficient at which they 
link in the cluster analysis indicates that there is much 
compositional variation between these 2 stands. Linkage of these 2 
stands appears to be based primarily on having in common species that 
are absent in all other stands (e.g. Alnus crispa), and having high 
covers of species rare in other stands (e.g. Salix pulchra). Because 
only two lotic sites were sampled the stands were grouped into a 
single ct. Had more sites been sampled it is likely that more than 


one lotic ct would have been distinguished. 


A e3 Classification 


By use of cluster analysis, supported by field observation, the 
vegetation of the involuted hill can be classified into 2 major 
topographic groups and 5 community types (Table 2). The ct's were 
given binomial names using two dominant character species. The first 
name was always the dominant species of the ct. The second name was 
chosen on the basis of that species having a high cover value but it 


also had to have its maximum concentration in the community type. 
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Table 2. Classification of the plant community groups and types (ct's) 


ie 


Pi 


on the involuted hill, Tuktoyaktuk Peninsula, N.W.T. 


Upland Tundra Group 

le od like glauca-lupinusearcticus ) ct)(1'.6,10,12,16,18,25)™ 

2. Betula glandulosa-Vaccinium vitis-idaea ct (2,4,6,13, 
(ae i7e20e71e 27.3134) 


Depressional Wetland Tundra Group 
3. Moss-Eriophorum vaginatum ct (3,5,9,11,15,19,28,29,32) 
4, Lichen-Ledum palustre ct (7,22,23,24,30) 


Lotic Wetland Tundra Group 


5. Salix pulchra-Alnus crispa ct (26,33) 


* Stand numbers 


Zo 


This generally follows one system of nomenclature outlined by 
Mueller-Dombois and Ellenberg (1974) and closely follows Kuchar 
(1975), Hrapko and LaRoi (1978), and Mortimer (1978). 


4.1.4 Community Descriptions 


4.1.4.1 Upland Tundra Group 


1. Salix glauca-Lupinus arcticus community type (stands 
LGOst0ei 2-1 Oe1e.2>) Si lable weer bate 2) 


The Salix glauca-Lupinus arcticus ct occupies the large outer 
ridges of the involuted hill, midslope positions and also the rims of 
large, mineral-based, ice-wedges which occur on the central plateau. 
This ct is found 1.5-5.0 m above local depressions and is moderately 
well drained to somewhat poorly drained. The perennially dry nature 


of these stands is indicated by abundant ground squirrel burrows. 


Salix glauca (43% cover) and Betula glandulosa (32%) are the 
dominant species in this ct. However, while S. glauca is at its 
maximum cover in these stands, B. glandulosa is slightly below its 
mean overall cover on the hill. Empetrum nigrum is at its highest 
cover (25%) in this ct and preferentially occupies the abundant earth 
hummocks. The herbs Lupinus arcticus, Pyrola grandiflora and Senecio 
lugens are also most abundant in this ct. By contrast, mosses are at 
their lowest cover (14%) on the hill, being found principally in 


hollows around earth hummocks. Lichens (11%) are also well below 
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Table 3. Species cover values for the Salix glauca-Lupinus arcticus 
ct on the involuted hill. 


Stand no. 1 8 10 12 16 18 25 
x cover % 
vascular 123.1 157.0 181.7 158.6 167.3 204.5 162.4 
moss 4.3 6.0 M6 WO Ss CoO slow 
lichen Sof WG 9.5 Soy il) iS Ib 
No. Vascular 
species 13 (fe 22 23 21 21 22 
Cover Vascular 
species 
Salix glauca 28.7 41.5 31.5 43.5 53.0 54.5 46.5 
Salix 
hylicifolia 6.3 -- -- -- ~e -- -- 
Betuta 
glandulosa 16.6 43.5 40500 42),50o 3 Onesc.0)) 13.8 


Dryas integrifolia -- -- -- 0.02 -- -- -- 
mpetrum SG 24.4 24.4 44.0 9.8 eS s5:.0nme/ 0 
Ledum palustre 14.4 1.7 6.7 7.0 NE Where eh ai 


Cassiope tetragona -- -- -- -- -- 0.02 -- 
Aretostaphyloe 


alpina 
Arctostaphylos 

rubra -- 4.4 0.6 0.01 -- 1.8 0.3 
Vaccinium 


vitis-idaea 9.8 16.2 4x0 alsky peigki Hales Alo) 
Vaccinium 


hyperborea -- 0.5 0.3 -- -- 0.7 -- 
arabe cinerea -- -- -- -- 0.05 -- 0.05 
Potentilla 

hookeriana -- -- -- -- 0.05 -- -- 


Lupinus” 

arcticus 7.0 eal Chat U7) rahefa) Gea} 20.2 
Contoselinum 

cnidifolium -- 0.4 -- 0.1 0.2 -- 0.01 
Pyrola 


randiflora 13.9 4.9 
Pyrola secunda 1.8 1.6 


Castilleja 
elegans 0.01 -- -- -- 0.01 -- 0.9 


Pedicularis 


lapponica -- -- -- M0 eo = as 
Pedicularis 


labradorica -- -- 0.9 00 00 0.05 0.3 
Pedicularis 


langsdorfii -- -- 0.6 -- o- a =< 
Pedicularts 


capitata -- 1.4 oe! 0.9 -- Lee 0.6 
Pedicularis 


kaneti -- 0.01 0.6 0.3 -- 0.01 -- 
Petasites 

frigidus -- 0.6 2.5 0.4 0.6 (4 0.9 
senecto 

atropurpueus 0.02 1.1 0.8 0.1 0.05 0.4 -- 
Senecio lugens -- 0.3 -- 1.0 0.9 0.2 Ol 
Aferochloe alpina -- -- 0.4 0.02 0.01 0.3 0.2 
Arctagrostis 

latifolia -- 0.3 1.8 0.03 0.01 -- 0.4 
Poa spp. -- -- -- -- 0.05 0.01 0.2 
Kobresia 

osuroides -- 0.3 -- -- -- -- -- 

Carex scirpoidea -- 0.3 -- -- rn -- -- 
Carex rupestris 0.10 -- -- -- 4 -- -- 
Carex bigelow!1 -- 0.01 1.5 0.06 -- -- ne 
Carex capillaris -- -- -- 0.4 -- -- -- 


Plate 2 
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A Salix glauca-Lupinus arcticus stand on 
a well-drained outer ridge of the 
involuted hill. Stands of this ct are 
easily identified in the field by the 
abundance of the colorful Lupinus 


arcticus. Range pole segments are 20 cm. 
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their mean cover value for the hill. 


2. Betula glandulosa-Vaccinium vitis-idaea community type 
(stands: 274513 914.17220- 21077 a tlabie: 4-9P latess) 


The Betula glandulosa-Vaccinium vitis-idaea ct has the same 
habitat characteristics as the S. glauca-L. arcticus ct. It also has 
the same relief (1.5-5.0 m) above local depressions. However, it has 
significantly sandier soils and therefore may have somewhat better 


drainage. Ground squirrel burrows are again abundant. 


Betula glandulosa (48%) reaches its highest cover value in this ct 
and is the dominant species. Salix glauca (28%) also has a high cover 
value. The dominant heath on the involuted hill, Vaccinium 
vitis-idaea is at its maximum coverage (28%) in this ct. Like the 
other upland ct this one has a low cover of mosses (14%) but lichens 


have increased to 17%, equal to their mean value for the hill. 


4.1.4.2 Depressional Wetland Tundra Groups 


All low-lying ct's on the involuted hill are characterized by a 


much lower cover of Salix glauca, a moderately lower cover of Empetrum 


nigrum and a significantly higher cover of mosses, cf. the upland cts. 
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Table 4. Species cover values for the Betula glandulosa-Vaccinium vitis-idaea ct on the 
involuted hill. 


a eEeeEEeeeeeeseseO 


Stand no. 2 4 6 13 14 17 20 21 27 31 34 
X cover 
vascular 182.2 126.9 188.6 158.3 175.7 145.8 172.3 192.4 192.0 169.0 169.7 
moss 5.5 9.0 6.5 6.7 5 1-5 OO PO 8.7 S25 147 
lichen 13.5 $30.5 12:0 15.4, 1350, 2455" 1620" 93450" 1922) 14.0 1352 
No. Wascular 
species 13 15 15 15 22 V7 24 21 22 21 21 
Cover Vascular 
species 
Salix glauca 36.2 25.0 2952s One). 0uee 16.4) me 20 2a 1s 0 meso .0nn 35257, 3520 
Salix pulchra -+ a 0.8 a 0.01 -- 1.8 -- -- -- oo 
Betula glandulosa 54.2 39.1 61.2 43.0 57.5 46.8 44.0 43.5 42.2 48.0 45. 


Empetrum nigrum NEE Be Say. CSC A ees) ae eG 26.00 24i 2m 25s) 956 18. 
Ledum ees PSC ro 31.0 20.0 16.2 16.6 19.2 38.5 22.0 23.5 14. 
Arctostaphulos 


alpina 
Arctostaphulos 

rubra -- -- O<3 “ -- -- 2.6 -- 0.01 -- 0.6 
Vaccinium 


vitis-idaea 335 20.0 28.0 24.0 33.0 46.2 21-0 37.0 30.0 10.5 23.0 
Vaccinium 


uliginosum -- -- es -- 1.8 -- oe 14.3 00 922 -- 
PoTygonum 


bistorta 0.01 0.01 oe -- 
Stellaria spp. 0.4 0.4 
Anemone 
richardsonii -- -- oe -- -- -- -- -- -- 0.4 —— 
Pulsatilla patens -- 0.3 -- -- -- -- -- -- == a= == 
Cardomine 
hyperborea -- -- -- +e -- oe 0.6 1.0 = 0.6 ne 
Draba cinerea -- -- -- -- -- -- -- -- 0.05 -- -- 
Rubus chamaemorus 0.05 0.01 -- 0.6 0.3 -- -- -- 0.3 oe 0.3 
Potentilla  — 
hookeriana -- 0.05 -- oe -- oa -- -- -- -- se 
Lupinus arcticus 6.2 14.7 6.2 10,059 4.2 8.2 6.9 ES ji 9.5 12.0 16.5 
Conioselinum 
cnidifolium 0.07 -=- ee 0.02 0.05 -- 0.05 -- -- -- -- 
Pyrola 
randiflora ies 4.1 5.0 
Pyrola secunda i=2 -- 1.8 
astilleja 
elegans -- -- -- oe ne 0.3 00 00 00 0.01 -- 


Pedicularis 
; lapponica ae -- ae -- -- -- we 0.01 -- -- oe 
edicularis 

labradorica oe 0.05 ae -- -- ne -- O53 -- =e 0.01 
Pedicularis 

capitata -- -- -- -- O23 -- 
Pedicularis 

kaneii ae a+ 0.05 -- 0.01 . 
Petasites frigidus -- oo 1.2 
Senecio 

atropurpureus 0.01 a -- ae 0.3 -- 0.5 3.8 00 0.6 0.1 
Senecio lugens a ne -- -- 0.2 -- 0.3 as 0. 0.6 oe 
Hierochloe alpina -- -- 0.3 0.3 ae 2.4 ae 0. : 
Arctagrostis 

latifolia ae -- -- Loe 0.1 2.9 PS Pol 1.8 0.4 fsa! 
Trisetum 


spicatum -- -- -- == ae Mile = 
Poa spp. -- -- -- 0.4 0.05 -- 0.01 0.1 0.4 0.5 1.0 


riophorum 
vaginatum -- == =< ae a — 


1 
Carex rupestris ae ao -- -- -- O53 0. 
Carex Bigelow! -- 1.0 0.1 -- Fel 0.01 9 
Luzula confusa 


Dupontra fisheri oa -- == = a= a 


ano 


Plate 3 


A Betula glandulosa-Vaccinium vitis-idaea 
stand on a large ice wedge of the 


involuted hill’s central plateau. The 
stand is bounded on both sides by Moss- 
Eriophorum vaginatum stands. Pingos and 
a second involuted hill are in the 
background. 


3. Moss-Eriophorum vaginatum community type (stands 3,5,9, 
1)y 15,19 ,28529,33)8 (Table Ssiplate 4) 


The Moss-Eriophorum vaginatum ct occurs in the depressions between 
the outer ridges of the hill and in the smaller ice-wedge polygon 
depressions. Its low-lying topographic position results in its having 
poor drainage and relatively wet conditions. In these stands mosses 
(38%), notably peatmosses, predominate. These mosses grow in the 
flat, low-lying, ground between E. vaginatum tussocks and scattered 
earth hummocks. Eriophorum vaginatum is the dominant vascular plant 
In’ thiSect.witneascover of 2643 1b haS-alcover of less. than 22 in the 
other ct's. Another prominent sedge is Carex bigelowii. It is found 
mostly on the scattered earth hummocks but still attains a cover of 
10%, its second highest on the hill. Betula glandulosa (16%) is at 
its lowest cover on the hill and Salix glauca (2%) is rare. The herbs 
common in upland stands, principally Lupinus arcticus and Pyrola 
grandiflora, are very rare (< O52) inethe Moss-E. vaginatum ct. 


Lichens at 16% are near their mean cover for the hill. 


4. Lichen-Ledum palustre community type (stands 7,22,23,24) 


(Table 6, Plates 5,6) 


Like the Moss-E. vaginatum ct, the Lichen-Ledum palustre ct is 
found only in depressional sites. Most commonly this ct is found on 
well-developed, high-center polygons which have formed in the 
depressions. The massive ice-wedges in these sites disrupt drainage, 


thereby creating the wettest conditions on the hill. This ct also 
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Table 5. Species cover values for the Moss-Eriophorum vaginatum ct on the 
involuted hill. 


Stand no. 3 5 9 11 15 19 28 29 32 
xX cover 


vascular 104.9 104.5 105.8 117.3 124.0 125.5 130.0 111.8 95.5 
moss 35 Sle 32.0 27.0 42.5 47.0 50.5 36.0 9.5 
lichen 2055 el se2 PCa 20/0 nO. 14.0 14.5 31.5 14.0 


No. Vascular 
species 17 24 25 19 21 24 18 21 16 


Cover Vascular 
species 
Salix reticulata  -- -- -- -- 0.3 a5 = ae = 


Salix fuscescens -- -- ne Rae Sear fy he eee eae 
alix glauca 3.3 el) 3.6 6.6 -- 3.0 we 0.01 -- 
alix pulchra 0.1 2.4 1.8 Wat 16.2 4.4 0.3 0.6 Qe 

Betula glandulosa 18.7 18.2 Nid ale NE eh SL 

Dryas integrifolia -- 0.05 0.01 -- -- -- _ -- -- 
Empetrum ated 1S Ome aie 9.5 Wine sa) aes Nahe! 10.5 
edum palustre 1150) 952 ND SN) ar 1425 1802.0) 15.5 

Andromeda 


Olifolia -- 0.01 -- -- 0.05 -- -- == =a 
Arctostaphylos 


alpina 
Arctostaphylos 

rubra (aac) -- -- e- -- -- 1.8 0.01 -- 
Vaccinium 


vitis-idaea 75 USi7, Zoo sek Ward 155 1720 17.0 19.0 
Vaccinium 


uliginosum -- 6.4 1S oo Le Ole -- = a 
toftetdts pusilla -- -- -- oe =< = oe <= 0.05 
Rumex arcticus -- -- -- == 

Stellaria spp. 0.1 0.3 0.07 0.05 0.01 0.4 -- 0.05 -- 
Cardomine 


bellidifolia 0.01 -- -- -- -- -- -- -- -- 


Cardomine 
hyperborea -- - 
Rubus chamaemorus 0.4 0 
Lupinus arcticus -- 0. 
4 
0 


rola grandiflora 0.8 
Pyrola secunda -- 
Pedicularis 


lapponica -- -- -- -- -- -- 0-01 0.06 ~~ 052 
Pedicularis 


labradorica -- -- -- -- -- -- COLO Oa -- 
Pedicularis 


langsdorfii -- 0.03 On3 0.02 0.06 0.3 oe -- -- 
Pedicularis 


capitata -- 0.06 0.05 a5 0.6 -- -- -- -- 
Pedtcularis 
kaneii 0.6 0.02 0.6 == -- 0.01 O.01 -- -- 


Pingutcula 
villosa -- -- -- -- 0.01 -- oo 0.01 0.05 


Petasites 


eee le Vail 0.01 0 
Senecio 

atropurpureus 0.2 0.4 0.4 0.4 0.5 
Aicrcchiae alpina -- 0.8 0.06 -- -- 


1 
0 

Arctagrostis 
TREE -- 0.9 Noll 0.1 0.4 3 


qa 


8 0.4 0.4 On} 
Poa spp. 0.7 oa -- -- -- 6 0.7 -- 0.6 
Ertophorum 
vaginatum 12.6 9.8 20.9 27.5 39.0 20.5 48.5 34.0 24.5 
Kobresia 


; abiaain 16 3 8.2 8.2 15S Oa ame sic)) 3.4 
Carex e lowi i 16.5 132 10.9 ° 6 5 5 - fe 


Carex rariflora -- -- -- - 0.07 -- =< =o ee 
Luzula contusa -- -- -- -- me 0.1 0.3 0.9 0.4 


Plate 4 


A Moss-Eriophorum vaginatum stand in a 
large depression between the outer ridges 


of the involuted hill. 


Ye 
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Table 6. Species cover values for the Lichen-Ledum palustre ct on 
the involuted hill. 


er rr ere eee OO SO eee 


Polygons Snow banks 

Stand no. 7 23 30 22 24 
X cover 

vascular OF leo le omeco woe 102.5. 137.4 

moss BiaN) ee CAL saul nS yates heme nya bre 

lichen So eee AU Ommees.0) 643.0 23.0 
No. Vascular species 14 19 12 20 ae 
Cover Vascular species 
Salix fuscescens -- 0.8 -- at ae 
Salix glauca 0.6 O53 -- Se: BRS 
Salix pulchra 0.05 -- -- -- -- 
Betula glandulosa S2e0 we 40-0 oe 14302955 
Empetrum nigrum RZ 17.2) sO 13,0 et. 
Ledum palustre CoD eLOs lence 826.0) 0 28.0 
Andromeda polifolia 0.01 -- -- -- -- 
Arctostaphylos alpina -- -- 4.9 6.6 es 
Arctostaphylos rubra 0.3 -- 250 -- -- 
TT UES CO UMC Oe CLO) Oo.) 22.0 
Vaccinium uliginosum -- 0.01 -- Uae -- 
Stellaria spp. Ore 0.6 -- “ 053 
Cardamine hyperborea -- OB! -- -- -- 
Rubus chamaemorus 4.2 Py 9.8 2o0 0.4 
Lupinus arcticus -- Ol -- 0.6 Za0, 
Pyrola grandiflora -- -- -- -- 2.4 
Pyrola secunda -- ~~ -~ -- Oe 
Pedicularis lapponica -- 0.05 -- 0.05 0.4 
Pedicularis labradorica -- 0.02 -- 0.06 -- 
Pedicularis langsdorfii 0.6 -- -- aa 0.6 
Pedicularis kaneii -- -- -- 0.059 970.07 
Petasites frigidus -- -- -- 3.9 925 
Senecio atropurpureus Oso -- -- 0.3 0.05 
Hierochloe alpina 0.9 17 -- Oe 0.05 
Arctagrostis latifolia -- 0502 Ua ies 1.4 
Poa spp. -- 0.06 0.4 -- OO) 
Eriophorum vaginatum -- 0.8 -- 4.0 4.0 
Carex bigelowi1 eS) ileal 0) 68) LT) 
Carex rariflora -- -- O73 -- -- 
Luzula confusa -- O02 024 Zee eed 


Plate 5 Well developed high-center polygons 
occupied by stands of the Lichen-Ledum 
palustre ct. “ihe =site Ws typified by 
poor drainage and organic soils. In the 
background there is a stand of Salix 
glauca-Lupinus arcticus which is on a 
better-drained outer ridge. 
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Plate 6 Snowbank sites on the involuted hill are 
usually occupied by stands of the Lichen- 
-Ledum palustre ct. The snowbank results 
in shallow thawed layers and water-logged 
soils in these stands. 
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includes stands in snowpack sites (# 22,24) where water from melting 
snow is trapped in the depressions. Most of the stands of this ct are 
located in the large depressions between the outer ridges of the hill 


and beside the large ice-wedges which occur on top of the hill. 


Lichens (33%) reach their greatest cover on the hill in this ct. 
Moss cover is much lower (20%) than in the Moss-E. vaginatum ct. 
Betula glandulosa is the dominant vascular plant but its cover (28%) 
is lower than the mean for the hill and its vigour is poor in 
comparison to that in the upland cts. In the Lichen-L. palustre ct, 
B. glandulosa has a mean height of 7 cm while in the two upland ct's 
it has a mean height of 25 cm. Salix glauca at 1% is at its lowest 
abundance on the hill. The heaths Ledum palustre (26%) and 


Arctostaphylos alpina (4%) are at their highest cover values. 


Several species, while not having high cover values, have a much 
greater abundance in the Lichen - L. palustre ct than they do in other 
community types on the hill. These are: Carex rariflora, Luzula 


confusa, Salix fuscescens, Rubus chamaemorus, Pedicularis langsdorfii, 


and P. lapponica. 


4.1.4.3 Lotic Wetland Tundra Group 


5. Salix pulchra-Alnus crispa community type (stands 26,34) 
(Table 7, Plate 7) 


The Salix pulchra-Alnus crispa ct is found only along drainage 
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Table 7, Species cover values for the Salix pulchra-Alnus 


Chispa ct on the wmvoluted hill, 


Stand no. 
X cover 


vascular 
moss 
lichen 


No. Vascular species 


Cover Vascular species 
Salix glauca 


Salix pulchra 
SUIS eres 
Alnus crispa 
Empetrum nigrum 
Ledum palustre 


Arctostaphylos alpina 
Arctostaphylos rubra 
accinium vitis-idaea 
Vaccinium uliginosum 
Equisetum arvense 
Stellaria spp. 
Anemone richardsonii 
Cardamine bellidifolia 


Cardamine hyperborea 
Rubus chamaemorus 


Lupinus arcticus 
Pyrola grandiflora 
Pyrola secunda 
Pedicularis lapponica 


Pedicularis capitata 
Petasites frigidus 


Senecio atropurpureus 
Hierochloe a ina 
Arctagrostis latifolia 
Poa spp. 


Eriophorum vaginatum 


Carex bigelowil 


Carex capillaris 
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Plate 7 


A Salix pulchra-Alnus crispa stand in a 
drainage channel which dissects an outer 


ridge of the involuted hill. Deciduous 
Shrubs attain their maximum size and 
vigor along these channels. 
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channels that cut through the outer ridges of the involuted hill. 

Snow lies late into the summer in these channels and water was 
observed flowing through them all summer. Despite the late-lying 
snow, these habitats support a vigorous shrub community. Salix 

23%. Shrubs also reach their maximum height in this ct with Salix 
pulchra growing to 2.2 m and Betula glandulosa, Alnus crispa and Salix 
glauca being at 1.5 m. In this ct Salix glauca has a cover of only 
Dh 


The only sites on the involuted hill that support Alnus crispa are 
the lower reaches of these drainage channels. While water flows 
through them all summer, the snow does not linger as long as in the 
upper reaches. Other vascular Menke found only in the S. pulchra-A. 
crispa ct are Equisetum arvense, Ranunculus lapponicus and Saussurea 
angustifolia. Additionally, Arctostaphylos rubra, Vaccinium 
borea, Arctagrostis latifolia and Carex bigelowii attain their highest 
cover values in this ct. Ledum palustre, Vaccinium vitis-idaea and 


lichens are at their lowest cover values. 
432° Soils 
4.2.1 Classification 


A feature common to all soils on the involuted hill is the 


presence of permafrost near the ground surface. Thaw depths are no 
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greater than 60 cm in all ct's. Because the thaw depths extend to 
less than 1 m, soils on the hill all belong to the Cryosolic order 


(Canada Soil Survey Committee 1978). 


Classification of Cryosols to the great group level is determined 
by the degree of cryoturbation and the development of organic horizons 
(Canada Soil Survey Committee 1978). Pettapiece (1975) points out 
that the formation of earth hummocks and the disruption of soil 
horizons are the 2 major phenomena associated with cryoturbation in 
the Low Arctic. Thus the presence or absence of these 2 phenomena is 
an effective indicator for separating Static and Turbic Cryosols. The 
third great group, Organic Cryosol, is associated with peat polygon 
landforms. These soils are defined as having an organic surface 
horizon of greater than 30% organic matter content which must be 
greater than 40 cm thick or more than 10 cm thick over an ice layer 
that is at least 30 cm thick (Canada Soil Survey Committee 1973; 


Zoltai and Tarnocai 1974). 


Earth hummocks and ice wedge polygons are common microrelief 
features on the hill. Earth hummocks tend to be more prevalent in 
upland ct's while ice-wedge polygons increase in importance in the 
depressional communities. In the S. glauca-L. arcticus ct earth 
hummocks cover from 30-70% of the land surface with most stands being 


in the 60-70% range. The B. glandulosa-V. vitis-idaea ct has an earth 


eer ee 


hummock cover of 20-70% with the modal cover being 50-60%, slightly 
less than the S. glauca-L. arcticus ct. In both ct's inter-hummock 


hollows occur in the remaining spaces. The earth hummocks range from 
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9-30 cm in height but most are between 10-15 cm. 


Most soils in the upland stands have disrupted or discontinuous 
horizons, especially at the mineral-organic interface or between 
mineral horizons. Buried, highly humified, organic horizons are 
common. Based on the abundant earth hummocks and disrupted horizons 
it appears that the soils in the upland stands have been strongly 
affected by cryoturbation. As the upland soils are both cryoturbated 
and have surface organic horizons less than 40 cm thick they are 


classified as belonging to the Turbic Cryosol great group. 


Earth hummocks are much less common in depressional stands. In 
the Moss-E. vaginatum ct earth hummocks occupy between 5-70% of the 
ground surface but in most stands only 20-30% of the ground is so 
covered. Tussocks and hollows cover the remaining ground surface. 
The hummocks are mostly 10-15 cm in height. Poorly developed 
ice-wedge polygons are common in this ct. Only 3 soil profiles in 
this ct (1 in stand 11 and 2 in stand 19) show disrupted horizons; 
other profiles show little or no breakage of the horizons. Buried 
organic horizons are not found in any of the profiles. It thus 
appears that most soils within the Moss-E. vaginatum ct have not been 
strongly affected by cryoturbation. Therefore, soils of this ct are 
classed as being dominantly Static Cryosols with minor inclusions of 


Turbic Cryosols in stands 11 and 19. 


Earth hummocks are absent from the Lichen-L. palustre ct, except 


in stands 22 and 24. High center polygons account for the microrelief 


7 | 
suavattoosetb 0! Bastunet even 2bnaz2 sie hie: hel 

nssuted 10 $98 tatah Itnepio-Taraiitn oes te “ whens “3 

ais enostsort stepio: Bertin erigtet det . an 
ahestion ostquazTD hae 24500 nine Jovbnuds ad? sie ne : 
vipnowte ngpd oven ebnate baniqu ord al ef fee onl saitt intone a 
hetedweoy7s tod ste 21 roa brefqu att A worse SBCs ral beeaets | 
ane vst} Aarne mo OO nbs” east anos ion shnngte abe sve Ona i 
-quoro deena foaedad Shiu ads oF getonofed 2h bertizeals cane 


rl  2badbe féterazaigab nt «olimes teat ddum ss +dzonmmud dins3 - 
sii *o 207-2 naowded, yqnsse SioGmmnys ‘fitsea 95 musenigsy -3-220h and 
oe ef ie eng to THe DS ufno ebngae Seing. at gud ‘poste bawove 
.226%ue Gruorg patniemes, Std vavoo awolfon has axtpoezuT Jbensvo> 
psgolsveb yfieed siete mt,m> €1-Of yitzom ots 2 x00rft ost 
ab esittete Stace £ ein iso ert nF robes ais endoyloq agdew-sat 
-ehostiod hodquaetd wone (Of baaze at S ond Lf boete at [) Jo ardd 
bo Pw, seth silt WO aoedeerd of wo sfStil wie est Ftoiq yrs - 
aun? 71 20} ftéhg Site 70 vas NY bawet gon are énostor oTiap 10 
read fon sve Td muyentisy .3~r20" ait vidttw ef lee Jeom tang 2760996 a 
$76 33 2ied Ye «lide ante? not redabab ets ut bero0ita yienoise 
© 2ndiguloni sontm re Piécues> 1/1632 ultaentined ghied: ea ‘beezsto iy 
OL tee Ii sesiabad bole onne me ve) 


Iopoxs ptaabates ~ {Anan sit www srneds: i: | 
‘ysilevor9he at sot incdain wopcoa nesta HH 


ad 


- ; pil 


42 


in the stands. Stands 22 and 24 have a microrelief more similar to 
upland ct's in that earth hummocks cover 32 and 56% of their ground 


Surfaces respectively. 


Soils in the other 3 stands of the Lichen-L. palustre ct have 
developed on high center polygons. The soils from stand 23, the only 
site sampled in this ct, all have surface organic horizons with 
greater than 78% organic matter content; the shallowest depth to an 
ice-rich organic horizon was 19 cm. The thickness of this icy horizon 
is not known as it was not possible to dig into it. The other 2 
polygonal stands also have well developed peat polygons of the same 
size. Therefore, these soils belong to the Organic Cryosol great 


group. 


No soil pits were dug in stands 22 and 24 so it is not possible to 
classify the soils of these stands. However, the presence of earth 
hummocks would seem to indicate that these stands are underlain by 


either Turbic or Static Cryosols. 


No soil pits were dug in the S. pulchra-A. crispa ct, primarily 
due to its small areal extent on the involuted hill. It is, 
therefore, not possible to classify these soils beyond the Cryosolic 


order. 


Soils from 3 Turbic Cryosol subgroups are found in the upland S. 
glauca-L. arcticus ct: Brunisolic, Orthic, and Gleysolic. The upland 


B. glandulosa-V. vitis-idaea ct also contains soils of the Brunisolic 


vino ait ,eSdmnre wavy 21008 ONT  sanogyton Seanad 4 
ashe enostrad ofnepre sontiue ovnd Che» 29 ates: a 

ne 63 trqeb seenollede ont genednor wesem stasgre SAT cvea na8eon 
nosivad yal 2idt Yo eesateidb att sma RL tee poxbrod atnagne dotnaaat : 4 
§ 14ddo ed? 27 Otah pie of gidfe20q Jon eon, 3} eon ton et 
amar oar to enoeyloq! fea ‘iqutous Ffow svat oats sbaite fenonylog. 
—— (axoy7? Siasert ott oF fated elice eeeds ~orvoteed) este 


\ 
ot sigteeoq sod ef FF of $8 bane SS 2bnaze ef pay vise Bstq ffoe-of- 


H2 189 90 aonagend edt, wwQWOH. .ebasre szeiy to efor of? yitees!s 
wa nighisena OM ebed22 seas Jed? siepibe? a2 masz biiuow 2d90nmut 
2tozoynd otted? 16 stdwwT sedsto. 


yf ireubry do Pgstqo wesyiug 2 909 at cub egw 2thq fos of . 
21 71 .1Pfé Medwlovnt 342 no Inada fears if ema zat ot ~ 
silica) ‘ana baoysg, othe Seery viteesls a sit}220q ton ereranedt 


2 banlqu anit ai, noua erm vequotpdes fozout) S 
basfqu: srt at faa tt agg athens +2tloeiwd. 


| atibatnns? att ta 7 ub 21; 


Turbic Cryosol and Orthic Turbic Cryosol subgroups. With the 
exception of the few Gleysolics, soils of the two upland ct's show a 
distinct horizonation in the mineral part of the solum. The upper 
mineral horizon is more finely structured and redder in hue than the 
underlying horizon. These characterisitics define the upper horizon 
as being a Bm (Canada Soil Survey Committee 1978). In most profiles 
this horizon is less than 10 cm thick and therefore the soils are 
Orthic Turbic Cryosols. One pit in stand 8 and 2 in stand 27 had Bm 
horizons greater than 10 cm thick and are classified as Brunisolic. A 
gleyed mineral horizon of low chroma was located immediately above or 
near the frost table in all upland sites but even in the Gleysolic 


soils no mottling was evident. 


A Brunisolic Static Cryosol and an Orthic Static Cryosol were 
found in the Moss-E. vaginatum ct in stands 19 and 29 respectively. 
However, all other soils in this ct are either Gleysolic Turbic 
Cryosols or Gleysolic Static Cryosols. With the exception of the 
Orthic and Brunisolic sites, soils of the depressional Moss-E. 
vaginatum ct differ from the upland stands in 2 major respects. 
Firstly, the mineral part of the solum consists of a single horizon. 
The structure of this horizon is uniform throughout the profile but 
ranges from fine to coarse granular depending on the location of the 
stand. This horizon has a low chroma (grey), often with red-brown 
mottling, indicating active gleying processes. This horizon is either 
Bg or BCg. Secondly, in depressional ct's, earth hummocks are not 
common, and disrupted, broken or buried horizons are rare; hence, 


Static Cryosols are common. 
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Soils of the depressional Lichen-L. palustre ct that have 
developed on high-center polygons belong to either the Mesic Organic 
Cryosol or Humic Organic Cryosol subgroups. Classification depends 
upon the degree of humification of the organic layer immediately above 
the permafrost table. Since sampling of this ct was limited it is not 


possible to judge the relative importance of these subgroups. 


a aes Soil Morphology 


Sa lax glauca-Lupinus arcticus ct 


Frost-induced microrelief features are common in the stands of the 
S. glauca-L. arcticus ct. The degree of cryoturbation is outlined in 


Sections asec. le 


While the mean thickness of organic matter in the hollows (11.3 
cm) of this ct is not significantly different from that of the other 
ct's, that on the earth hummocks (6.3 cm) is significantly less than 
that found on earth hummocks of the B. glandulosa-V. vitis-idaea ct or 
that on the ridges of the Lichen-L. palustre ct (Table 8). Thaw 
depths under the hummocks in the S. glauca-L. arcticus ct extended to 
a mean of 42.3 cm, the thickest on the hill. However, the mean depth 
of thaw in depressions of this ct was only 25.3 cm, which is not 


significantly deeper than that of the other ct's (Table 8). 


A surface fibric organic horizon 5-14 cm thick occurred in all 


Solleprorvleseorethismctpmerurtner @insc.o; (hesloiproniles sa wel | 


@ ype . - 


2pr0gs> abel dine ae aa 
yods \fosetbenmat veyst obenyte an: Yo coho | ag nd nog) 
son av it bodendl, dow ta td? Yo nobtquee Sante. .sidady pyres : 
.2quergdy2 seat ig sonatioqn’ sviseien wi. go Pe 
ie ame P an : 


sit’ Yo 2onete silt nf roles ax6 2erutse? Tekfewoi1nim psoubat~J2007 ad 
at bantimuo zi noldtsdugowes Yo Geigeb of? .3> eupisow «J-s2u6Sp 2 
+i-S.% notsose 

: : 


€.(f}.zwollod sda a} T9tiem cineot® Fo e2endsite ngam ond sth | 


ei. ony FO TRH Te romist tit yiopestiingts soo 2at-gs eid? to (im 
nents ceal ylonsaitingee eh (mo 6,3} zaodienpd doves ety oo Sad? a's 7 
10 32 sopbe~etity .e-szoipansip +f ats Ya ecooment d71se no bayot tei? e 
weet ~f4 shdaT) 25) iMeblen ~goastoty anid 20: angry wnt no ssdt 7” 

03 babnssxe I> 2upniows -drousty -& ett of geoogmar shy rebny ertaqsb : 


Higa nase ott _ tay sue AFA eM a0 seb £.58 Y0 saeecall 


8. at tanawson wim gts Bel aea 


Table 8. 


on the involuted hill. 
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Physical characteristics of the soils in the community types 


a 


Soil Characteristics 


Community Types 


Salix? Betulaé Mosst Lichen® 
Organic matter (% 
Organic 57 (10.8)a S9( 11.4 )\ab  65(10.7)b 81(3.0)c 
Mineral 5(2.6)a 6(2.7)a P28 ya -- 
Depth organic matter (cm) 
Hummock s 6.54.2) dupe oe0( S20) Dele] Cine) abe2enausesyc 
Hollows 11.3(2.5)a 13.0(5.6)a 16.8(4.8)a --- 
Thaw depth (cm) 
Hummocks NV EER SEMEN Ae)) ep Peeve 2727 Seale 
Hollows 25.3(17.6)a 22.0(9.0)a 2l.8(4.6)a  -—- 
sand (%)B° T3e(Ge5)a 20) (5:2 )peeel29(6.4)q) eee 
Silt (3) SOa(/23) abuse 2.) same lan s50) D --- 
Clay (%) 49 (9.l)a 45 (3.4)a 47 (6.4)a --- 


A. Any two means in a row not followed by the same letter are 


significantly different at 5%. 


deviations. 


Numbers in brackets are standard 


B. Hummocks and hollows are combined as they are not significantly 
different at 5%. 
C. From mineral horizon only. : 
Dene oeeGlauca-Le arcticus organicamatter, sand:siit:clay % n=10 
organic n=13 mineral 
organic matter, active layer depths n=11 hummocks n=3 hollows 
E. B. glandulosa-V. vitis-idaea organic matter, sand:silt:clay % 
n=17 organic n=13 mineral 
organic matter, active layer depths n=19 hummocks n=10 hollows 
F. Moss-E. vaginatum organic matter, sand:silt:clay % n=26 organic 
n=15 mineral 
organic matter, active layer depths n=16 hummocks n=18 hollows 
G. Lichen-L. palustre organic matter % n=4 


organic, active layer depths n=5 
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decomposed organic horizon 3-11 cm thick underlies the surface fibric 
horizon. The average organic matter content of these 2 horizons in 
the S. glauca-L. arcticus ct was 57%, significantly less than that in 
depressional ct's, but not significantly different from that in the 


B. glandulosa-V. vitis-idaea ct. 


The mineral portion of the solum in Orthic and Brunisolic Turbic 
Cryosols consists of 2 horizons: a thin, red-brown, fine granular 
horizon underlain by a coarse granular grey horizon. The latter 
horizon extends down to the frost table. The Gleysolic Turbic 
Cryosols have only a single, coarse granular structured, grey mineral 
horizon. A well humified organic horizon often separates this horizon 
from the frost table. The average organic matter content of these 


mineral horizons is 5%, not significantly different from that of the 


B. glandulosa-V. vitis-idaea or Moss-E. vaginatum ct's. 


The sand:silt:clay ratio of the mineral horizons is 13:38:49; 
hence the texture is classified as clay (Canada Soil Survey Committee 
1978). This ratio is not significantly different from the Moss-E. 
vaginatum ct (12:41:47) but it has significantly less sand and more 
silt than is found in the mineral horizons of the B. glandulosa-V. 


Vitis-idaea ct (21 -°34:45) (Table 6). 


Under both hummocks and hollows roots of deciduous shrubs, heaths 
and herbs frequently extend through the organic horizons into the 


upper part of the mineral horizon. 
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Betula glandulosa-Vaccinium vitis-idaea ct 


As in the S. glauca-L. arcticus ct earth hummocks and disrupted 
soil horizons are common features in this ct. The extent of 


cryoturbation is outlined in section 4.2.1. 


Mean organic matter thickness in hollows is 13.0 cm, not 
Significantly different from the other ct's. On hummocks organic 
matter averages 13.6 cm thick, which is not significantly different 
from the Moss-E. vaginatum ct but is significantly thinner than the 
Lichen-L. palustre ct, and significantly thicker than the S. glauca-L. 


arctiicus ct (Table 3), 


All soil profiles in this ct have a well developed fibric organic 
horizon at the ground surface. Under the hummocks this horizon ranges 
from 1-12 cm thick (X = 6.8) while in the hollows it is from 2-17 cm 
thick (x = 8.2). In all but 4 of the 30 soil pits a humic organic 
horizon underlies the fibric horizon. Its thickness ranges from 2-25 
cm (x = 6.8) under the hummocks and 2-11 cm (x = 4.9) in the hollows. 
There is no significant difference in the depths of any of these 
horizons. The average organic matter content of these horizons is 
59%, significantly less than those of the Lichen-L. palustre or 


Moss-E. vaginatum ct's (Table 8). 


The mean thickness of the active layer in the hollows of this ct 
is 22.6 cm, not significantly different from those of the other ct's 


(Table 8). Under hummocks the thaw layer thickens to a mean of 
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34.2 cm, which is significantly thinner than that of the S. glauca-L. 
arcticus ct, significantly thicker than that of the Lichen-L. palustre 
ct, and not significantly different from that of the Moss-E. vaginatum 


ct (Table 8). 


The mineral part of the solum shows well developed horizonation. 

The upper mineral horizon is 4-16 cm thick, with a fine granular 
structure and red-brown color. Its lower boundary is often markedly 
disrupted. A coarse, granular structured mineral horizon of grey to 
dark grey color underlies the fine structured horizon and extends down 
to the permafrost table. The average organic matter content of these 
horizons is 6.5%, not significantly different from those of the other 
ct's (Table 8). As stated in 4.1.2, these horizons had significantly 
more sand than did the mineral horizons in other ct's. However, the 
texture of these soils is still classified as clay (Canada Soil Survey 


Committee, 1978). 


The roots of deciduous shrubs, heaths and herbs extend through the 
organic horizons; some were found in the upper portion of the fine 


granular structured mineral horizon. 
Moss-Eriophorum vaginatum ct 


The microrelief of the Moss-E. vaginatum ct is distinctly 
different from those of both the upland ct's and the other depres- 
sional ct's. It differs from upland ct's in that earth hummocks cover 


only about 35% of the land surface, Eriophorum tussocks cover about 
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25% and hollows cover the remaining 40%. Peat polygons, so character- 
istic of the Lichen-L. palustre ct, are either poorly developed or 
absent in the Moss-E. vaginatum stands. Disrupted soil horizons are 
rare, even under earth hummocks, and buried organic horizons are 


absent from all soil profiles in this ct. 


The active layer beneath the hollows of this ct has a mean 
thickness of 21.8 cm, not significantly different from those of the 
other ct's (Table 8). Under hummmocks the mean thickness of the 
thaw layer is 32.4 cm, significantly thinner than those of the S. 


glauca-Eowanct icus ct. 


The thickness of the organic matter in both hummocks (xX = 11.1 cm) 
and hollows (x = 16.8 cm) is not significantly different from those of 
the same micro-sites in the S. glauca-L. arcticus and B. glandulosa-V. 
vitis-idaea ct's. However, in contrast to the upland ct's, the thaw 
layer in many hollows of the Moss-E. vaginatum ct consists entirely of 
organic material. Under these conditions roots are not able to 
contact the mineral horizon. While there is still a thin fibric 
organic horizon at the surface of these soils, mesic organic horizons 
predominate instead of the humic horizons found in upland stands. The 
average organic matter content of these horizons is 65%, significantly 
higher than those of the S. glauca-L. arcticus ct, significantly less 
than the Lichen-L. palustre ct and shows no significant difference 


from those of the B. glandulosa-V. vitis-idaea ct. 


Horizonation of the mineral part of the solum is almost entirely 
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absent in the Moss-E. vaginatum ct. A single, red-brown mottled, grey 
horizon of granular structure extends to the base of the thaw layer. 
The average organic matter content of the mineral horizons is 67%, not 
Significantly different from those of the other ct's (Table 8). The 
sand:silt:clay ratio is not significantly different from that of the 
S. glauca-L. arcticus ct and the texture is again defined as clay. 
Less sand and more silt are found in these mineral horizons than in 


those of the B. glandulosa-V. vitis-idaea ct. 


With the exception of Eriophorum vaginatum, roots are restricted 
to the top few centimeters in the organic part of the solum in the 
Moss-E. vaginatum ct. The roots of E. vaginatum were observed to 


extend into the mineral part of the solum. 


Lichen-Ledum palustre ct 


On the open, west-facing slope of the hill (stand 22) earth 
hummocks cover 32% of the land surface. In the more enclosed, 
north-facing slope (stand 24) the hummmocks cover significantly more 
area, 56%. No pits were dug in these 2 stands so it is not possible 
to describe their soil profiles. However, thaw depths were measured 
when the vegetation was surveyed in mid-July. Under hummocks the 
thawed layer was 37 cm thick in stand 22 and 45 cm thick in stand 24; 


under hollows the thawed layer was 19 and 21 cm thick respectively. 


In all 5 soil pits dug in stand 23 the thawed layer was restricted 


to the organic part of the solum; no mineral horizons appeared in any 
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of the examined profiles. Mean thaw depths were 22.4 cm, signifi- 
cantly thinner than that found under hummocks in either of the upland 
ct's, but not significantly thinner than that of the Moss-E. vaginatum 
ct, and not significantly different from those beneath hollows of the 


other ct's (Table 8). 


Organic matter above the frost table also had a mean thickness of 
22.4 cm in the high-center polygonal stand, significantly thicker than 


those in all other ct's under either hummocks or hollows (Table 8). 


Four of the 5 pits had a fibric organic surface horizon varying 
between 12-14 cm in thickness. In 3 of the 4 pits there was a mesic 
horizon 5-6 cm thick beneath the fibric surface horizon. This mesic 
horizon was basal in 1 of the 3 pits but in the other 2 pits a humic 
horizon 7-9 cm thick occurred above the frost table. The fifth pit had 
a 21 cm deep humic horizon under a 2 cm thick surface fibric layer. 

At the bottom of this pit there was a 2 cm thick mesic horizon above 


the frost table. 


Roots are abundant in the upper fibric horizon but did not 


penetrate into the lower organic horizons. 
aoe Soil Moisture 
The two upland ct's, S. glauca-L. arcticus and B. glandulosa-V. 


vitis-idaea, have mean soil moisture contents of 215 and 256% 


respectively, in the organic horizons of their hummocks, and 247 and 
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286% in the organic horizons of their hollows. There are, however, no 
significant differences in soil moisture content between these two 
ct's in either hummocks or hollows. Nor are there significant 
differences in soil moisture content between hummocks and hollows 


within either ct (Table 9). 


The depressional Moss-E. vaginatum and Lichen-L. palustre ct's 
both have significantly higher soil moisture contents in their organic 
horizons than do the upland ct's. In the Moss-E. vaginatum ct organic 
horizons of hummocks have a mean soil moisture content of 494% while 
those of hollows have a mean of 630%. These values are significantly 
higher than those of the upland ct's but are not significantly 
different from those of the Lichen-L. palustre ct which has a mean 
soil moisture content of 542% (Table 9). Thus soil moisture content 
in the organic horizons clearly separates upland and depressional 
ct's. While soil moisture measurements were not made in the 2 
snowbank stands (22 and 24), the extremely wet conditions of these 
stands can easily be inferred from the presence of standing water at 
the soil surface until late June. It seems very likely, therefore, 
that these 2 stands have soil moisture contents similar to the other 
depressional stands. Similar inferences can be made about the S. 
pulchra-A. crispa ct. Again no soil samples were collected but 
surface water flowed through these stands all summer, indicating 


extremely wet soil conditions. 


Soil moisture content in the mineral horizons does not show as 


clear a pattern as the organic horizons. Mean mineral soil moisture 
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Table 9. Soil moisture content and excess soil moisture in the 


community types on the involuted hill. 


a 


Soil Moisture Community Types 


Salix Betulan Mosst Lichen 


Content (%) 


Organic, Hummocks 


4 215(74.3)a 256(76.4)a 494(177.0)b 542(85.3)b 


Organic, Hollows 247(30.2)a 286(107.6)a 630(201.5)b --- 


Mineral® PR(GuA lab 26(6e50ay 3510 s)he 


Excess (%) 


Organic, Hummocks VoCSlez)a, VOS(4/720 jar 354177 24 ib) 354(232-9)b 


Organic, Hollows 101(26.1)a 137(75.0)a 444(185.6)b --- 


Mineral? 23234 e5)a e-4s0(oeh a2. (della ees 


Any two means in a row not followed by the same letter are 
Significantly different at 5%. Numbers in brackets are standard 
deviations. 


Hummocks ard hollows are combined as they are not significantly 
different at 5%. 


S. glauca-L. arcticus n=6 organic hummock n=4 organic hollow 
n=13 mineral 


B. glandulosa-V. vitis-idaea n=l2 organic hummock n=5 organic 
hollow n=13 minera 


Moss-E. vaginatum n=9 organic hummock n=13 organic hollow 
n=15 minera 


Lichen-L. palustre n=4 organic hummock 
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content is significantly lower in the B. glandulosa-V. vitis-idaea ct 
(26%) than in the Moss-E. vaginatum ct (35%), but mineral soil 
moisture in the former ct does not differ significantly from that in 
the S. glauca-L. arcticus ct (28%). There is also no significant 
difference in mineral soil moisture content between the S. glauca-L. 
arcticus ct and the Moss-E. vaginatum ct (Table 9). The slightly 
drier conditions of the B. glandulosa-V. vitis-idaea ct may be due to 


its sandier soil texture. 


‘Excess soil moisture,’ defined as the difference between the soil 
moisture content and the water retention at -1/3 bar, shows a pattern 
similar to soil moisture content. Again the 2 upland cts have drier 
soil conditions; excess water in the organic horizons on hummocks is 
76% in the S. glauca-L. arcticus ct and 103% in the B. glandulosa-V. 
vitis-idaea ct. Organic matter in hollows of the 2 ct's have mean 
excess soil moistures of 101% and 137% respectively. There is no 
significant difference in excess soil moisture content between the 2 
ct's; nor is there a significant difference in excess soil moisture 


content between hummocks and hollows within either ct (Table 9). 


The Moss-E. vaginatum and Lichen-L. palustre ct's both have 
significantly higher excess soil moisture content than the upland 
ct's. There is no signficant difference in excess soil moisture 
between the 2 depressional ct's. In the Moss-E. vaginatum ct mean 
excess soil moisture is 354% in organic horizons on hummocks and 444% 
in hollows. The high-center polygon stand of the Lichen-L. palustre 


ct has a mean excess soil moisture of 354%, identical to that of the 
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a3 
organic horizon on hummocks in the Moss-E. vaginatum ct (Table 9). 


Excess soil moisture of the organic horizons, like soil moisture 
content, appears to be an effective variable for separating upland 


from depressional ct's. 


Slight soil moisture deficits occur in the mineral horizons of the 
3 ct's which have these horizons in the active layer of the solum. 
The S. glauca-L. arcticus ct has a mean soil moisture deficit of 
-3.3%, the B. glandulosa-V. vitis-idaea ct -4% and the Moss-E. 
vaginatum ct -2.7/%. There is no significant difference between the 


soil moisture deficits of these three ct's (Table 9). 


Rl Soil Nutrients and pH 


There have been several reports citing the low availability of 
mineral nutrients in arctic environments. (Warren-Wilson 1954, 
Hielman 1966, 1968, Haag 1974, Everett 1980) However, there are but a 
few papers that discuss variations in nutrient availability among ct's 
within a given area (cf. Webber 1978). Several significant variations 
in soil nutrients were found on the involuted hill. Generally, the 
depressional ct's have lower available nutrient concentrations than 
the upland ct's. This trend is especially evident in organic 


horizons; mineral horizons are less variable. 


ae 
ie 
— 


| - 
dsl eel 


afy Yo. enontyot faradin ant oF 10399 in ce itinenereaiatee ae : 
myfod ais! Yo Asysreaytden ant Bt cogctirt pane obit Atiivie’sa 7 
Yo Seotteh atuyetom Troe nsem Rel 39 aust zens cares. -& oT . * 


_2na20My sith bospt Pets, a Hiv .-gqatunnatp <8 amt BEE 


of? npewdod eonsievted hg | 
_(@ afi?) 2°32 rn azate Te s7tattebesrusaton Coe 


ite ie 
} +- 
in i wall a). 


to uttitdsiteve wal sfeigatsip erioggn Teiavse vaed overt evant 

baer soa ¥-nateW)! stdceknovtwne offod ah 2taeiisun tersnte 
5 ted sis s4edt .vovewoH (G80l srefava ,sNel need ,Baet eBOEE-remtart : = 
2'3> noms urtitdelteen seeresun ab 2eartetasy eewoet> sadt wegsa wet 
annitetrsy snsotviagte Tetevee . (880! reddeW).70) sens newig 6 ntitgtw : 
ay .xfinsenud .ffid DeLehowRT et7 no bev? sasw etagresun ‘Tfoz nt 7 7 

ned? -2nofitaytneonon, Inatigan sidshtove sawof overt 2°23 Tenotzesrgeb : 
sinsprc at Jnebtve yPistosqes 2t bnoagcei? .2°s3 paelqu ott 


i 


aldsiney 229! sve 2nos bro) Cevsete penost oft 


it 
rad a Ot Ue 


- 
- 
ee Be 


Was 


Organic Horizons 


The S. glauca-L. arcticus ct has significantly higher total 
nitrogen (x = 0.68 %) than the other ct's. The B. glandulosa-V. 
vitis-idaea ct is second highest, with a mean nitrogen content of 0.58 
ppm; this ct's concentration was significantly higher than either of 


the depression ct's (Table 10). 


The highest concentration of phosphorus in organic horizons is 
again found in the S. glauca-L. arcticus ct (x = 2.52 ppm). Signi- 
ficantly lower concentrations are found in the B. glandulosa-V. vitis 
idaea and Moss-E. vaginatum ct's (1.37 and 1.35 ppm, respectively), 
but the B. glandulosa-V. vitis-idaea ct has a higher concentration 


than the Lichen-L. palustre ct (Table 10). 


the Licnen- Es palustresct hasta ’signinicantly lower concentration 
of available potasium (0.14 me/100 g) than the other ct's, which have 


concentrations ranging from 0.42 to 0.49 me/100 g (Table 10). 


Available calcium concentrations differ greatly between upland and 
depressional ct's. The S. glauca-L. arcticus and B. glandulosa-V. 
vitis-idaea ct's have similar concentrations, 15.4 and 13.3 me/100 g, 
and both are significantly higher than those of either depressional 
ct. The Moss-E. vaginatum and Lichen-L. palustre ct's also have 


similar concentrations, 8.0 and 7.3 me/100 g, respectively (Table 9). 


While there is no significant difference in available magnesium 
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Table 10. 


Macro nutrients, cation exchange capacity, and pH of the 


soils in the community types on the involuted hill. 
ee ee 


Soil Nutrients* 


salix! 
Total W (x)A 
Organic 0.68(0.12)a* 
Mineral 0.24(0.09)a 
Total P (x)8 
Organic 2.52(1.17)a 
Mineral 0.53(0.47)a 


Available K (m.eg./100 gm) © 


Organic 0.49(0.16)a 
Mineral 0.40(0.16)a 
Available Ca (m.eg./100 gm)” 
Organic 15.43(3.69)a 
Mineral 12.48(4.51)a 
Available Mg (m.eg./100 gm) é 
Organic §.11(2.02)a 
Mineral 5.12(0.88)a 
Available Na (m.eg./100 gm)F 
Organic 0.23(0.23)a 
Mineral 0.30(0.26)a 

C.E.C. (m.eg./100 gm)® 
Organic 41.24(5.38)a 
Mineral 30.71(7.81)a 

pH 
Organic 5.2(5.2)a 
Mineral 6.5(6.9)a 


Community Types 


Betula! 


0.58(0.08)b 
0.27(0.08)a 


1.37(0.86)b 
0.49(0.43)a 


0.43(0.22)a 
0.35(0.13)a 


13.31(5.36)a 
9.84(4.04)ab 


3.90(1.63)ab 
§.01(0.95)a 


0.24(0.11)a 
0.24(0.06)a 


38 .04(7 .84)a 
31.38(4.12)a 


5.4(5.9)a 
5.0(5.2)a 


Moss* 


0.41(0.16)c 
0.25(0.07)a 


1.35(1.23)cb 
0.36(0.26)a 


0.42(0.14)a 
0.30(0.08)b 


8.04(4.39)b 
7.80(4.51)b 


3.45(1.09)b 
5.38(2.65)a 


0.24(0.06)ab 
0.40(0.57)a 


30 .35(8.44)b 
30.81(5.54)a 


5.1(5.2)a 
4.9(5.0)a 


Lichent 


0.43(0.12)c 


0.53(0.40)c 


0.14(0.09)b 


7.28(3.10)b 


2.66(1.43)b 


0.34(0.14)b 


26 .07(8.40)b 


4.4(4.2)a 


* Any two means in a row not followed by the same letter are 


significantly different at 5%. 


deviations. 
micro-kjeldahl nitrogen 


NaOH fusion 


soluble potassium 
soluble calcium 
soluble magnesium 
soluble sodium 


NH, acetate 
NH, acetate 
acetate 
4 acetate 
Mi, 
CaCl 


acetate cation exchange 


2 


Moss-E. vaginatum n=26 organic 
Lichen-L. palustre n=4 organic 


mr- Kero rere TO DMO OHO Fo YS 


S. glauca-L. arcticus n#=10 organic 
B. glandulosa-V. vitis-idaea n=17 organic n=13 mineral 
n=15 mineral 


n=13 mineral 


Numbers in brackets are standard 
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concentrations between the 2 upland ct's, the B. glandulosa-V. 
vitis-idaea ct has a slightly lower concentration. The upland S. 
glauca-L. arcticus ct has a significantly higher available magnesium 


concentration than the 2 depressional ct's (Table 10). 


Sodium content shows a reversal in the general trend; the 2 
depressional ct's have significantly higher sodium concentrations than 
the upland S. glauca-L. arcticus ct. However, there is no significant 
difference in sodium concentration between the B. glandulosa-V. 


vitis-idaea and Moss-E. vaginatum ct's. 


The cation exchange capacity (CEC) of the organic horizons shows a 
clear separation between upland and depressional ct's. The upland S. 
glauca-L. arcticus and B. glandulosa-V. vitis-idaea ct's have similar 
capacities, 41.2 me/100 g and 38.0 me/100 g respectively. Both of 
these capacities are significantly greater than those of either the 
Moss-E. vaginatum ct (30.4 me/100 g) or the Lichen-L. palustre ct 
(26.1 me/100 g) (Table 10). There is no significant difference in CEC 


between the latter ct's. 


To summarize, there appears to be a gradient of nutrient 
availability from lowest values in organic horizons of the Lichen-L. 
palustre ct and increasing amounts through the Moss-E. vaginatum ct 
and B. glandulosa-V. vitis-idaea ct, to the maximum concentrations in 


the S. glauca-L. arcticus ct. 
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Mineral Horizons 


Trends in nutrient concentrations are not as evident in the 
mineral portion of the solum as they are in the organic portion. Most 
of the macronutrients (nitrogen, phosphorus, magnesium and sodium) and 
the CEC show no significant differences in concentration amongst the 
S. glauca-L. arcticus, B. glandulosa-V. vitis-idaea and Moss-E. 
vaginatum ct's. There is no significant difference in potassium 
concentrations between the upland S. glauca-L. arcticus (0.40 me/100 
g) and B. glandulosa-V. vitis-idaea (0.35 me/100 g) ct's. However, 
both of the upland ct's have higher concentrations of potassium than 
the depressional Moss-E. vaginatum ct (0.30 me/100 g). The B. 
glandulosa-V. vitis-idaea ct has calcium concentrations intermediate 
between and not significantly different from the S. glauca-L. arcticus 


ct and Moss-E. vaginatum ct. Calcium concentration is significantly 


lower in the Moss-E. vaginatum ct than in the S. glauca-L. arcticus 


ein 


pH 


The organic horizons of the upland ct's have a mean pH of 5.2 in 
the S. glauca-L. arcticus ct and 5.4 in the B. glandulosa-V. vitis- 
idaea ct. In depressional ct's the average pH of these horizons is 
5.1 in the Moss-E. vaginatum ct and 4.2 in the Lichen-L. palustre ct. 
Although the pH of the organic horizons appears to be slightly lower 
in depressional ct's there is no significant difference amongst the 
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The mineral horizons also gave no evidence of changes in pH 
amongst the ct's. The mean pH of these horizons in the S. glauca-L. 
arcticus ct was 6.5 which was not significantly higher than that of 


the B. glandulosa-V. vitis-idaea ct (5.0) or the Moss-E. vaginatum ct 
(459) 
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9.0 DISCUSSION 


9.1 Comparison with Tundra Communities and Habitats of Other Arctic 


Sites 


Previous ecological studies make possible a comparison of the ct's 
found on the involuted hill with those found in other parts of Arctic 
North America. Such a comparison is made below, based on similarities 


and differences in species composition, physiognomy and habitat. 


The first comparison is with an extensive analysis of arctic plant 


communities on the eastern Mackenzie Delta by Corns (1974). 


Both the Salix glauca-Lupinus arcticus and Betula glandulosa- 
Vaccinium vitis-idaea ct's belong to Corns' Low Shrub-Heath type. 
This classification is based on both ct's being dominated by shrubs of 
less than 1m in height, with an understory of heaths and herbs, and 
the absence of Alnus crispa. Corns reports that this type is 
dominated by Betula nana, Salix glauca, and S. pulchra; it has high 
cover values for Empetrum nigrum, Vaccinium vitis-idaea, Lupinus 
arcticus and Pyrola grandiflora. Except for the abundance of S. 
pulchra this closely matches the physiognomy and species structure of 


the upland ct's on the involuted hill. 


The Low Shrub-Heath type is "characteristic of the hilltops" 
(Corns 1974) and frost boils (earth hummocks) are common in it. Thus 


the habitat of the upland tundra ct's on the involuted hill appears 


6] 


_ 
7 a 7 


a 
RO Pea 
— ai 


3 a) ¥: 
“4 :) (Ue | a 


2'3o stg To noatragmba + PICFAAOy stim ectoure F 

343A Yo ztr6q Taio AF Huet szorr tein MN baaulownt a2 ao 

2aisinsiimi2 mo. b4e6d st te 2 nna teed 6 top? sate i 

fastedd ne yoongotaigty wolttzeqias 2etanqs nt aaah ae , 

7 : _ "i _ 

tueia stfu te zheybans avienedaa: a6 see zt ee | ‘oe 
.{008I) ane) yd soled etangdasd avesess sd no eet tinvemo> 


YN 


seoluinety olvtes, one gibt jew autiapd-ngus ty x1iez ant AO” 

Soy sMtes-durde Woe “40089 OF Grohe e*2o Roshtaghate mititogsy 

10 eduuie ut vodsniwed pated ef 9o Wied wo beged ef noftsotttaesfo 2tdT 

vee ,2d7s les 2diteet Fo yiotuawthiur fg cttw ,ddeted oF m £ neni 22ef 

ef aque afd tena esnog§) 20767 .sget2a gunk to sonsads ihe 

digit est ot ,axsotva .2 one” eget abie2 say siusad xd nadentmob 
zuniqud .sasbt-2itiv mulitiagaY cmangty muntoged rot esutay oo 

2 Yo sanstinuse a2 TOR Sqsaxd 2b70f Veemy slows 66 2uatjoqs 

jo swisutiz tetosqe dnG ymonpotayity oA? eortatem yiseoia 2tnd sigieg 
~f{i8 vesulovet add no e't3 inate @ a # 


i te 
Voqgsitin wid to >ttePyed sevens" 2 ouys danstisdunne’ wad 'enT ci) 


2unT 70 AF nomic ave (eApoiman vss) eliod te07? bas (pet e709) 
ersaqge {1th beawlovat aft noe’ fs gtbeed bastqu a2 Yo 
- oir 


62 


typical for that of the rest of the Pleistocene Mackenzie Delta. 

Corns reports that this type is relatively dry and attributes this 
dryness to removal by wind of snow from these elevated sites. The Low 
Shrub-Heath type is the most extensive type on the Pleistocene delta 


covering from 30-70% of the landscape (Corns 1974). 


At a lower level of classification, the S. glauca-L. arcticus ct 
matches Corns' description of the Willow-Heath subgroup. Both the ct 
and the subgroup can be described as having Salix dominant over Betula 
with an abundance of both E. nigrum and V. vitis-idaea. The syntaxo- 
nomic affinities of the B. glandulosa-V. vitis-idaea ct are not as 
clear; it may belong to either the Birch-Heath or Birch-Willow-Heath 
Subgroups. Salix cover in the ct is about 29%, Betula 48% and it is 
not apparent from Corns' description if this cover of Salix is high 
enough to classify the ct as Birch-Willow-Heath. However, 
Arctostaphylos rubra and Vaccinium uliginosum, which are reported to 
be common in both subgroups, are particularly abundant in the Birch- 
Willow-Heath subgroup. These two species are not common in the B. 
glandulosa-V. vitis-idaea ct and, therefore, it appears that this ct 


is most similar to the Birch-Heath subgroup. 


The Moss-Eriophorum vaginatum and Lichen-Ledum palustre Cieseare 
classified as belonging to the Herb-Low Shrub-Heath type of Corns 


(1974). This type is found in low topographic positions and has an 


abundance of herbs and heaths. 


The Moss-E. vaginatum ct can be considered equivalent to the 
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Sedge-Cottongrass-Heath subgroup of Corns (1974). Both the ct and the 
Subgroup have high covers of E. vaginatum and mosses; Carex bigelowii 
is an important member of the community. The Sedge-Cottongrass-Heath 
Subgroup and the closely related Sedge-Heath subgroup are reported to 


cover between 1 and 10% of the Tuktoyaktuk Peninsula (Corns 1974). 


The Lichen-L. palustre ct has as its counterpart Corns' (1974) 
Raised-Center Polygon subgroup. Both the ct and subgroup occur on 
well developed, high-center polygons with large areas of exposed peat 
and high covers of B. glandulosa, Rubus chamaemorus, L. palustre and 
V. vitis-idaea. However, Corns (1974) reports that moss cover is low 
and lichen cover is variable. On the involuted hill moss cover in the 
Lichen-L. palustre ct was only slightly below its mean for the entire 
hill, and lichen cover was consistently high (though it did vary from 
23-43%). This subgroup is reported to cover 4-15% of the Peninsula 


(Corns 1974). 


Finally, the Salix pulchra-Alnus crispa ct most resembles Corns' 
(1974) Medium Shrub-Heath type. In both syntaxa shrubs are dense but 
most are less than 1.5 m tall; A. crispa, forbs and/or graminoids are 
abundant. Both units occur in a late snow-melt area. Corns (1974) 
states that there is downslope flow of soil water in this type; this 
situation was also observed on the involuted hill. However, the 
Medium Shrub-Heath type has high covers of L. palustre, V. vitis- 
idaea, E. vaginatum and S. glauca; these species had low cover values 
in the S. pulchra-A. crispa ct. On the Tuktoyaktuk Peninsula this 
type covered 4-8% of the landscape (Corns 1974). 
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The Point Barrow I.B.P. site is located on the low lying coastal 
plain of northern Alaska. Ice-wedge polygons are the only significant 
elements of relief (Webber 1978). Webber's (1978) Wet Dupontia 
fisheri-Eriophorum angustifolium Meadow is found on flat wet sites and 
polygon troughs. It appears to be ecologically equivalent to the 
Moss-E. vaginatum ct of the involuted hill in terms of habitat and 
general physiognomy. The species correspondence is not good as 
Dupontia fisheri is absent in the involuted hill ct and the cotton- 


grass tussock sedge E. vaginatum replaces E. angustifolium. 


The Lichen-L. palustre ct has its closest affinity with Webber's 
(1978) Dry Luzula confusa Heath. Both communities are found on high- 
center polygons and lichens are abundant. Again, however there are 
some significant differences between the communities. On the 
involuted hill L. confusa reaches its maximum cover value (1%) in this 
ct but it is much lower in cover than either the heath species or 
lichens. Webber (1978) describes the characteristic growth-forms as 
caespitose monocots and fruticose lichens, while on the involuted hill 
the growth-forms in this ct are dominantly evergreen shrubs and 


lichens. 


Due to the low, flat relief at Barrow there are no communities 
there that correspond to the upland group found on the involuted hill. 


Hees sap UNC hia. Chispasctes galso missing at Barrow. 


At Cape Thompson on western, coastal Alaska, upland sites are 


better drained with coarser-textured soils (Holowaychuk et al. 1966) 
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than similar sites on the involuted hill. There is little similarity 
between the communities on upland sites at Cape Thompson, which are 
dominated by Dryas-heaths, and those on upland sites on the involuted 


hill, which are dominated by Salix and Betula shrubs. 


High-center polygons at Cape Thompson appear to be drier and the 
mineral part of the solum is within the active layer. Salix spp., 
heaths and Carex bigelowii dominate these sites. Similar habitats on 


the involuted hill are dominated by lichens and L. palustre. 


However, the most common community in the Cape Thompson area, the 
Eriophorum tussock community, is very simiar to the Moss-E. vaginatum 
ct of the involuted hill. Both ct's occupy low-lying, poorly drained 
Sites, have gleysolic soils, and are dominated by E. vaginatum. 
Additionally, Ledum palustre, Betula glandulosa and Vaccinium vitis- 
idaea, which are reported to be common in this community in Cape 
Thompson, all have cover values of greater than 10% on the involuted 


hill. It appears that these two ct's are virtually identical. 


The Umiat region of Alaska is located within the Foothills 
Province where the topography is dominated by gently rolling hills 
(Churchill 1955). Shrub-dominated plant communities are more common 
at Umiat than on the Arctic Coastal Plain and they show a greater 


similarity to ct's of the Upland Group on the involuted hill. 


Churchill's (1955) Dwarf Shrub-Heath type appears to be 


ecologically equivalent to the B. glandulosa-V. vitis-idaea ct. Both 
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ct's are found on upland sites, with B. glandulosa, VaWittseidaeas lL. 
palustre and E. nigrum being prominent vascular plants. The stature 
of the shrubs may be somewhat lower at Umiat than on the involuted 
hill. The Moss-E. vaginatum ct has a counterpart in Churchill's 
Eriophorum-Dwarf Shrub Heath group of the preceding type. It appears 
that there is a greater habitat overlap of Betula and Eriophorum at 
Umiat than on the involuted hill, perhaps reflecting moister 


conditions at Umiat. 


A Salix glauca type is reported for Umiat by Churchill] (1955) but 
unlike the habitat on the involuted hill this type was found in a wet 
drainage channel with Sphagnum mosses. It does not appear to 
correspond to the S. glauca-L. arcticus ct of the involuted hill 


exceptain terms Of cominancesbyes. glauca: 


An Alnus crispa type at Umiat has close affinities with the S. 
pulchra-A. crispa ct. Both ct's are found in draws with flowing water 
and are dominated by medium shrubs. Alnus crispa and S. pulchra are 
the dominant species with Arctagrostis latifolia and Equisetum arvense 
being common herbs. Mosses are common but lichens have low cover 


value. 


Bliss (1977) states that the ct's found in Truelove Lowland, Devon 
Island, are closely related to those of the Low Arctic sites found in 
northern Alaska and the Mackenzie Delta. Comparing the ct's found on 
the involuted hill to those of Truelove Lowland, however, there 


appears to be little correspondence. 
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None of the Upland Group ct's of the involuted hill seem to occur 
in the Truelove Lowland area (cf. Muc 1977). Upland sites at Truelove 
are dominated instead by cushion plants with some dwarf shrubs such as 
Salix arctica. By contrast, upland sites on the involuted hill are 


dominated by low shrubs, herbaceous dicots and ericads. 


The only moderately similar communities in the two areas appear to 
be Muc's (1977) Sedge-Moss type and the Moss-E. vaginatum ct. These 
types are similar in that they occupy low-lying habitats, are 
dominated by mosses and graminoids, and lichens are rare in them. But 
there are some significant differences in terms of species composi- 
tion: E. vaginatum replaces E. angustifolium and E. triste. Also, 
Carex bigelowii, the most common Carex in the involuted hill ct, 


appears to be absent at Truelove Lowland (Muc 1977, Hultén 1968). 


From the preceding comparisons it is clear that all the ct's found 
on the involuted hill have been reported from other regions of Arctic 
North America. What is exceptional about the hill is that within a 
small area there are ct's that have been reported from both the Arctic 
Coastal Plain and the Foothills provinces. Other than the Mackenzie 
Delta, most areas of coastal lowland tundra in western North America 
are dominated by communities similar to the Moss-E. vaginatum ct or 


the Lichen-L. palustre ct, with shrub-dominated ct's rare or absent. 


The prevalence of shrub-dominated ct's on the involuted hill gives 
it a physiognomy found in more inland and/or upland sites such as the 


foothills at Umiat. The higher relative relief and wrinkled landscape 
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of the involuted hill resembles the rolling topography of the 
foothills province of northern Alaska on a smaller scale, thereby 
offering suitable habitats for 'foothills' ct's. It thus appears that 


the uplands of the involuted hills act as disjunct foothill elements. 


The Moss-E. vaginatum ct, dominant in the depressions of the 
involuted hill, seems to be common throughout the west coast of Arctic 
North America (Britton 1966; Wein & Bliss 1974). However, in most 
other study areas E. angustifolium is dominant rather than ie 


vaginatum. 


5.2 Vegetation patterns 


The distribution of tundra plant communities on an arctic land- 
Scape is controlled by a complex of environmental factors and their 
gradients over space. In the arctic, small changes in relief produce 
steep environmental gradients thereby creating discrete plant 


community types (Bliss 1971). 


Vegetation on the involuted hill consistently reflects the 
wrinkled appearance of the landscape. In terms of physiognomy, upland 
sites are dominated by deciduous shrubs and forbs, while depressional 
sites are dominated by mosses, lichens and graminoids. Several large 
ice-wedges occur on the involuted hill. The shoulders of these 
ice-wedges create habitats similar to upland sites, probably through 
better drainage. Plant communities on these ice-wedges are 


vegetatively similar to upland sites and are included in the Upland 
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Corns (1974) substantiates this vegetation pattern interpretation 
for other areas on the Pleistocene Mackenzie Delta. Similarly, both 
Webber (1978) and Murray (1978) report that plant community types at 
Barrow are correlated with periglacial geomorphic features. Webber 
(1978) further postulates that microrelief is the principal control on 
the plant environment; through its effect on drainage and other 


Substrate relations it determines the distribution of plant species. 


5.3 Uniform Factors Among the Community Types 


Several environmental parameters show no significant variation 
between the ct's on the involuted hill. These include organic matter 
depth in hollows between earth hummocks, active layer thickness in 
these hollows, soil pH and nitrogen, phosphorus, magnesium, sodium and 
C.E.C. in the mineral part of the soil profiles. Due to their 
uniformity among ct's it is assumed that these parameters will not 


have an influence on vegetation distribution. 


It is believed that the involuted hill, despite having several 
geomorphological features, has had a uniform geological history. That 
is, the mineral part of the solum is derived from a till (Rampton and 
MacKay 1971) that was laid down during a single geological period and 
that the entire hill has been exposed to the same climatic conditions 
throughout the Quaternary. The uniformity of nutrients in the mineral 


part of the solum is probably due to a uniform geological history for 
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the entire hill. 


It was previously noted (4.1.4.1) that in the upland sites most 
mosses were located in the hollows between the earth hummocks. These 
hollows in effect support patches of the Moss-E. vaginatum ct. The 
mosses contribute to an accumulation of organic matter in the hollows 
creating conditions similar to those of the Moss-E. vaginatum ct. 
Organic matter has a strong influence on the thermal budget of sites 
due to its insulative properties (Brown 1973). The relatively deep 
organic matter of the upland hollows probably retards heat exchange to 
the ground thereby producing shallow active layers similar in depth to 


those of the Moss-E. vaginatum ct. 


5.4 Soil Moisture 


Soil moisture content is an environmental parameter which, on the 
involuted hill, varies significantly between upland and depressional 
Sites. Previous research has done much to substantiate the importance 
of soil moisture in controlling environmental and vegetation gradients 
in the arctic (Tedrow and Cantlon 1958, Billings and Mooney 1968, 
Bliss 1971, Janz 1974). The factor primarily responsible for 
differences in soil moisture over a given tundra area is relief 
(Webber 1978); upland sites have better drainage than depressions. 
Furthermore, wind often removes snow from the higher topographic 
positions (Corns 1974, Webber 1978). The combination of better 
drainage and reduced moisture from snow melt results in relatively dry 


conditions in upland sites on the involuted hill. This observation is 
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Substantiated by Corns' (1974) work in which he reports minimal snow 
accumulation and drier habitats in the upland Low Shrub-Heath type. 
Depressional sites which have poorer drainage and greater snow 
accumulation have significantly higher moisture contents. Soil 
moisture, with organic matter and thaw depths forms an environmental 
‘complex-gradient' (sensu Whittaker 1975) or soil catena (Figure 5) 
which may, in turn, control nutrient availability between topographic 
Sites and, by extension, the distribution of ct's (Janz 1974). Soil 


moisture contents of ct's are described in Table 9. 


Depressional stands are characterized by high soil moisture 
contents with very slowly flowing or stagnant water. The S., 
pulchra-A. crispa ct is exceptional in that water flowed through its 
Stands all summer. Thaw depths are shallow in depressional stands, 
further inhibiting drainage. The lack of free drainage produces 
anaerobic conditions through a reduction in gas exchange. Evidence 
for the low amounts of oxygen in these soils is seen in the almost 
universally mottled appearance of the mineral portion of the solum. 
Anaerobic decomposition occurs to a greater extent than in more freely 
drained sites and toxic byproducts such as HS often accumulate in the 
soil (Alexander 1961). Plants occupying these poorly aerated sites 


have two basic strateyies to avoid the oxygen deficiency of the solum. 


Firstly, some species have evolved a mechanism whereby oxygen 
taken in by the shoots is translocated via aerenchyma tissues to the 
roots. Armstrong and Boatman (1967) demonstrated this ability for 


several species growing in boggy soils with poor aeration. Eriophorum 
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angustifolium under reducing conditions showed iron oxidation around 
the root tips and it was concluded that oxygen translocation was 
occurring from the above-ground portion of the plant (Armstrong and 
Boatman 1967). Further, Stuart and Miller (1982), from work in 
northern Alaska, found higher levels of oxygen under vehicle tracks 
occupied by Eriophorum vaginatum than in tracks where this species did 
not occur. They concluded that E. vaginatum played a role in aerating 
very wet tundra soils. On the involuted hill reddish stains were 
observed around the roots of E. vaginatum, providing indirect evidence 
of iron oxidation and, by extension, oxygen translocation to its 


roots. Janz (1974) made similar observations about this species. By 


avoiding the necessity of physically driven soil aeration E. vaginatum 


is able to extend its roots through the water-saturated organic 
horizon into the more nutrient-rich mineral horizon. This is a 
mechanism which allows E. vaginatum to dominate in depressional sites 
where the mineral horizon is included in the thawed layer. Carex 
bigelowii is another deep-rooting sedge that reaches its maximum 
abundance in the Moss-E. vaginatum ct. This species may have similar 


adaptations to the anaerobic conditions. 


The S. pulchra-A. crispa ct had water flowing through it all 
summer, yet had the best developed shrub cover on the hill. From this 
observation it is postulated that water itself is not the factor 
limiting shrub growth but rather the presence or absence of oxygenated 
water. Water in the stands was constantly flowing and thus likely had 
more oxygen than other depressional sites. Furthermore, it is 


expected that flowing water will transport nutrients into and toxins 
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away from the site. 


The second strategy is exhibited by species that Shaver and Cutler 
(1979) have termed "floaters". These species include heaths and, in 
some cases, Betula glandulosa. The strategy of these plants is to 
avoid the wet conditions of the habitat by concentrating most of their 
root systems within the drier top few centimeters of the surface 
organic horizon. This shallow rooting strategy was originally 
discussed by Dennis and Johnson (1970) as a mechanism whereby plants 
avoid the cold conditions created by the near-surface permafrost 
horizon, However, as Janz (1974) points out, surficial rooting may 
also be a response to anaerobic soil conditions. Evidence that some 
species are uSiny the floater strategy on the involuted hill is seen 
in both Betula glandulosa and Ledum palustre rooting only in the top 
few centimeters of the organic horizon in both the Moss-E. vaginatum 
ct and the Lichen-L. palustre ct. A major ecological problem with 
this strategy is that the plants are cut off from the relatively 
nutrient-rich mineral horizon (they may also be vulnerable to 
intermittent droughts). This partially explains the stunted growth- 
form shown by B. glandulosa in the Lichen-L. palustre ct. Heaths 
successfully employ the floater strategy to occupy these marginal 
habitats because they appear to have developed an effective nutrient 
storage system (Hadley and Bliss 1964). This system is discussed in 


more detail below (5.5). 


Upland tundra sites are typified by having better drainage and 


drier soil conditions than depressional sites. Drainage in the 
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uplands is enhanced by their high topographic positions and relatively 
thick thawed layers (Figure 5). The more aerated upland soils do not 
produce the gas exchange and toxicity problems encountered in the 
depressional sites. Therefore, plants are able to freely root through 
the surface organic layers and gain access to the nutrient-rich 


mineral horizons. 


Dowding et al. (1978) report that most mosses in northern Alaska 
tundra sites require moist conditions as they derive their nutrients 
from water leaching from plants and litter rather than from soil. In 
this respect, the wet conditions of the Moss-E. vaginatum ct provide 
Suitable habitat for bryophytes in terms of nutrient availability and, 


hence, contribute to the abundance of these plants in depressions. 


5.5 Nutrients and Organic Matter 


Shortages of available nutrients in the soil are frequently cited 
as responsible for the low rates of primary productivity in arctic 
tundra ecosystems (Billings and Mooney 1968, Bliss 1971, Ulrich and 
Gesper 1978). Nutrient input into the soil environment primarily 
depends upon release from weathering of soil parent material and upon 
release from decomposition of the organic part of the solum. 
Weathering and decomposition rates are slow in Arctic tundra 
ecosystems and, therefore, soil nutrient concentrations tend to be low 
in comparison to those of ecosystems in more temperate regions. Low 
concentrations of soil nutrients in tundra and forest-tundra sites 


have been reported by Heilman (1966, 1968) on the Alaskan North Slope, 
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Haag (1974) on the Pleistocene Mackenzie Delta, Babb and Whitfield 
(1977) on Devon Island, and Ulrich and Gesper (1978) at Barrow, 
Alaska. 


Previous research on the role of nutrients in limiting tundra 
plant productivity has substantiated the hypothesis that both nitrogen 
and phosphorus are limiting for plant production. Marion and Miller 
(1982) reported that nitrogen is the most frequently limiting nutrient 
for the growth of tundra plants. Haag (1973) found that nitrogen was 
limiting in both upland and depressional sites on the Pleistocene 
Mackenzie Delta. Phosphorus was found to be limiting in lowland sites 
but not in uplands. Younkin (1972), working in the same area, found 
greater growth responses in native grasses with additions of 
phosphorus than with additions of nitrogen. Wet organic soils have 
been observed to be especially phosphorus deficient. Salisbury (1959) 
noted that phosphorus in combination with organic matter was not 
readily available to plants. Under conditions of high moisture 
content, phosphorus is highly subject to leaching loss due to its high 


solubility under reducing conditions (Glentworth 1949). 


Besides the low nutrient status of arctic soils generally, there 
are usually substantial differences in nutrient availability within a 
single soil profile. Both Heilman (1966, 1968) and Janz (1974) showed 
that nutrient concentrations were substantially higher in the mineral 
portion of the solum compared to the organic portion. This difference 
was not evident on the involuted hill, probably due to the analytical 


procedure (see 3.2) rather than to a similarity in nutrient status. 
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In general, nutrient concentrations in the mineral part of the 
solum on the involuted hill did not differ significantly among the 
three ct's in which the thaw layer was deep enough to contact this 
horizon (see 5.3). Therefore, available nutrient differences among 
the ct's will be due to differences in the nutrient concentrations of 
the surface organic horizons. Nutrient inputs into these horizons 
will be limited by both moisture content and depth of the organic 


matter. 


As outlined in 5.4, drier, aerated soils allow roots to penetrate 
into the nutrient-rich mineral horizons. The plants absorb these 
nutrients and subsequently release them into the organic horizons. By 
contrast, in saturated, anaerobic soils root penetration to the 
mineral horizons is inhibited or prevented altogether. As such, 
nutrient cycling is restricted and the nutrient status of the organic 


horizons will be poorer than in the drier soils. 


Heilman (1966, 1968) and Janz (1974) clearly identify two limiting 
environmental conditions imposed on plant species occupying sites with 
deep accumulations of organic matter. The first effect of deep 
organic matter is on the depth of thaw. Soils in sites with deep 
peats are effectively insulated from the warmer overlying air and 
depths to frost are shallow. The combination of a deep peat and a 
shallow depth of thaw effectively reduces the amount of mineral soil 
in the solum. Smaller amounts of mineral soil are exposed to 
weathering and, therefore, these sites may show a deficiency in 


mineral-derived available nutrients. 
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The effects of organic horizon thickness on depth of thaw are 


illustrated as follows: the S. glauca-L. arcticus ct had thin surface 


organic horizons and deep thawed layers (Table 8). In this ct the 
mineral part of the solum typically occupied 85% of the soil profile 
in the thawed layer. By contrast, the B. glandulosa-V. vitis-idaea ct 
had thicker organic horizons, similar to the Moss-E. vaginatum ct 
(Table 8). In these 2 sites the mineral portion of the solum occupied 


only 40% and 35% of the thawed layer, respectively. 


The Lichen-L. palustre ct had the thickest organic matter 
accumulations on the involuted hill. It appears that decomposition is 
severely limited in this ct, probably due to the extremely wet 
conditions in combination with cold soil temperatures created by the 
large ice-wedges. Such conditions would severely limit the activities 
of the soil micro-organisms responsible for decomposition. The deep 
peats of this ct effectively insulate the solum; the thawed layer was 


at its thinnest (23 cm) and the mineral portion of the solum was below 


the frost table. 


The second effect of increasing accumulation of organic matter is 
that plants are increasingly cut off from the more nutrient-rich 
mineral portion of the solum. Heilman (1966, 1968), from work on 
north-facing slopes in interior Alaska, reported lower levels of 
nitrogen, phosphorus and potassium in the foliage of plants growing on 
thick peat compared to plants of the same species growing on thinner 
peats. He showed that nitrogen concentrations were high near the 


surface in mineral soils, but as organic matter accumulated, the zone 
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of maximum nitrogen content was concentrated in deeper, colder parts 


of the solum. 


Haag (1972), from work on the Mackenzie Delta, showed how soil 
moisture and organic matter thickness, can be correlated with nutrient 
cycling in the solum. Upland sites, with thinner, drier, organic 
matter tend to have thicker active layers and more mineral soil is 
exposed to weathering. Weathering of the mineral horizons releases 
nutrients which become available to plants. The thin organic horizons 
allow for relatively easy access of roots to these weathered mineral 
horizons and cycling of the minerals can be quite rapid. The nutrient 
Status of these sites is expected to be high. If so, shallow-rooted 
forbs such as Pyrola spp. may find favourable habitats in upland sites 
not only because such sites are drier but because nutrients are more 


accessible. 


Depressional sites with thicker organic matter have thinner thaw 
depths and less mineral soil exposed to weathering (Figure 5). 
Nutrient cycling is inhibited in the depressional stands and input of 
nutrients into the organic horizons is retarded. Some nutrients are 
recycled into the upper horizons, probably from deep rooting 


graminoids and runoff from upslope sites. 


On the involuted hill nutrient concentrations in the organic 
horizons followed a pattern that is consistent with Haag's (1972) 
interpretation. Nutrient concentrations in the organic portion of the 


solum were highest in the upland tundra group which tended to have 
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soils with relatively dry, thin organic matter (Figure 5). Nutrient 
concentrations were lower in the soils of the depressional tundra 


group which had thick, wet surface organic horizons. The S. glauca-L 


arcticus ct has both dry soils and thin organic horizons. The more 
nutrient-poor B. glandulosa-V. vitis-idaea ct also has dry soils but 
it has significantly thicker organic horizons. These thicker organic 
horizons will inhibit weathering of the mineral horizons and also 
restrict rooting into them. Thus, nutrient cycling is restricted, 
leading to a more nutrient-poor regime in the B. glandulosa-\V. 
vitis-idaea ct. Further research is needed to explain how these 
differences in oryanic matter depth arose in 2 ct's occupying the same 
topographic positions. One possible mechanism is that the B. 
glandulosa-V. vitis-idaea ct's are an older stage in a successional 
Sequence and that the deeper organic matter is due to a longer time 


period of accumulation. 


Chapin et al. (1975) stated that plants with high respiration 
rates will have high nutrient requirements. High photosynthetic rates 
also demand high nutrient availability. It is, therefore, postulated 
that species with high respiration and/or photosynthetic rates will 
tend to be more prevalent in nutrient-rich sites. Species with lower 
metabolic rates will be able to exploit more nutrient-deficient sites. 
In general, spatial variations in soil nutrient availability, notably 
in the organic horizons, should strongly influence the distribution of 


Ct secon sthesimvolutedonrnii. 


While photosynthetic and respiration rates were not measured on 


drotaeu {a 
avhnus eat. ihrem seat 
- susie .2 907 -anestrod 3iflsgT9 soatade Tow dothy. | 
 shom sHtT .2ngstrod singean nine bie ettoa yb sited thts aoa 
Jud eon yw cat o2le to Regs -2ighy N-nzofynesig sf Wogntnstraun 
pinsgio vaioidd oestT ,anpsitor oinspys oktee yianshthigte aatst : 
cris bis angutrcd ferantm aft Focpadsadtcen redmtat (ftw enos tod 
lacs ritess ef py htoys Inetadun aot ely clat getiooy toinizes 
Ve-sadtwbealp .2 wy nt swiesi Teeq-Jnei stun e10m # OF Qnibes! . + 
sent wot ateiqxe of sheen 21 AareezsT “esiw? .29 seebl-ztsty | 
omee of? gat yquose 2°10 Sak 2006 NtQMb rated ShrisyNe at ‘aeons eT Tb 
.@ add tad ct metnsdosm oidlezaq AO = -enottteog DingsrQ0qOs 
fanoizgesoue & OF syste veble ae ots 2°99 saabt-gizty sNebeofvonsip 
emft weno! 6 of set 2t wetiee Cinggw waseb ats Sonz tre sorteypse 
tor teivewoon, Yo bolisG 


nptsertqes? ett 497i etibiqwsls besete (20G£) .fe se atqany 

29969" ofisinyeniovg Norh .2ieshe tages Jngtagon seid sven fiw 25987 
bézsfutzoq ,srotaiety .2t of ust ietieas anatvsen apt bose ozls 

liiw eetey. shrontayzarotg avo Ste norieriqest defn atiw zeiosqe sett 
1owo! dfiw 2etosq2 .2st¥2 dofi-Inetyiun nt cwelgveqg eum sd os bred 
25372 Jnsiotteb.insinsun oyom Srofgus of ofds St TI e9tan oflodsion 
yfdston .yttifdel teve-Jneivtua fiee nt 2notjstoew Tekpeqe i erense al = ‘i 
to nofrtuariietd ond gonaul tat ¥ipnotie piuomte .2nngtion >tregia ots at ; 


1b Getulover eagenmee"3 


‘ - : 
aly 
no banuesten ton svat cose UBPSeriger’ one OtgeNIMZozaHEE PHIM a V 


the plants of the involuted hill, research has been done on the same 
or related species from other tundra habitats. Pisek and Knapp (1959) 
report that deciduous shrubs have higher respiration rates than 
evergreen shrubs. Limbach et al. (1982), working in northern Alaska, 
reported that Betula nana assimilated carbon for photosynthesis at a 
high rate throughout its growing season, while V. vitis-idaea had a 
low photosynthetic rate. Eriophorum vaginatum had photosynthetic 


rates between the other 2 species. 


Thus, from the literature, it may be inferred that both Salix 
Qlauca and Betula ylandulosa have relatively high nutrient demands. 
The thin, dry, surface organic horizon is probably responsible for the 
maintenance of deciduous shrub species in the upland S. glauca-L. 
arcticus ct. The thin, organic horizons of the S. glauca-L. arcticus 
ct allow S. glauca and B. glandulosa to easily reach the mineral 
horizons and thus gain access to their required nutrients. Extrapo- 
lating from Haag's (1972) theory, because of efficient nutrient 
cycling in this ct, the organic horizons themselves may make signi- 
ficant contributions to the nutrient demands of these shrubs. In the 
B. glandulosa-V. vitis-idaea ct the cover of Salix glauca is lower. 

In this ct organic matter is significantly thicker, though not wetter, 


than in the S. glauca-L. arcticus ct. Because of the deeper organic 


matter, weathering may be inhibited and nutrients concentrated at 
greater depths in the B. glandulosa-V. vitis-idaea ct. These lower 
concentrations provide evidence that nutrient cycling is less 
effective in the latter ct. The fact that S. glauca is less common in 


the more nutrient-poor B. glandulosa-V. vitis-idaea ct provides 
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indirect support for the hypothesis that it is more sensitive to 
nutrient deficiencies than is B. glandulosa, Further research could 
involve determining the nutrient requirements of these 2 species as a 


first step in separating their niches in the upland tundra sites. 


Heaths form a common and important element among ct's on the 
involuted hill. As mentioned above (5.4), heaths are classified as 
‘floaters' as their roots do not penetrate deeply into wet organic 
horizons. This shallow rooting system, while avoiding the problems of 
anaerobic soils, toxins, etc., makes the heaths susceptible to 
nutrient deficiencies. Heaths, however, exhibit special physiological 
adaptations which permit them to survive in nutrient-poor environ- 
ments. Firstly, heaths are reported to have lower respiration and 
photosynthetic rates than forbs, graminoids and deciduous shrubs 
growing in similar habitats (Hadley and Bliss 1964, Johnson and 
Tieszen 1976). With lower levels of metabolic activity, heaths will 
require smaller quantities of nutrients and will, therefore, be able 
to survive in nutrient-poor environments. Secondly, older leaves on 
these species were found to have lower net photosynthesis, lower 
respiration rates, and higher lipid contents than new leaves (Hadley 
and Bliss 1964, Johnson and Tieszen 1976). It has been suggested that 
these old leaves act as nutrient storage elements (Hadley and Bliss 
1964), an adaptation analogous to the storage role of rhizomes in 
herbaceous perennials. Thus it appears that heaths have both a 
relatively low nutrient requirement and further that they are 
efficient in conserving the nutrients that they accumulate. These 


adaptations enable the heaths to survive in nutrient-poor 
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environments. 


The presence of thick organic horizons in combination with very 
wet conditions will inhibit the development of shrub-dominated 
communities in the depressional sites. Janz (1974) reached the same 
conclusion. Plants growing in the Moss-E. vaginatum and Lichen-L. 
palustre ct's show a number of special adaptations to their environ- 
ment in which nutrient cycling is restricted and the nutrient-rich 
mineral horizon is buried beneath a thick, wet, surface organic 


horizon. 


Both Johnson and Tieszen (1976) and Limbach et al. (1982) have 
reported that in arctic Alaska, graminoids have photosynthetic and 
respiration rates between those shown by evergreen and deciduous 
Shrubs. As deciduous shrubs are uncommon in depressional sites, 
graminoids are probably the most nutrient-demanding species in these 
habitats. Chapin et al. (1975) have established that these tundra 
graminoids have the ability to concentrate nitrogen, phosphorus and 
potassium to levels significantly higher than in comparable temperate 
Species. Furthermore, prior to leaf senescence, nearly half of the 
above ground complement of these nutrients is translocated from the 
leaves to the rhizomes rather than lost to the soil (Chapin et al. 
1975). The ability to concentrate and retain nutrients aids 


graminoids in occupying the nutrient-deficient Moss-E. vaginatum ct. 


The ability of Eriophorum vaginatum and Carex bigelowii to produce 


deep roots that penetrate the thick, anaerobic, organic horizons 
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further improves their ability to survive in depressional sites. In 
northern Alaska cottongrass tussock tundra sites, with organic 
horizons up to 30 cm thick, less than 5% of below-ground live 
phytomass penetrated to the mineral portion of the solum. The two 
exceptions were E. vaginatum and C. bigelowii. These two species had 
up to 26% and 62%, respectively, of their live root mass in the 
mineral part of the solum in these deep organic sites (Shaver and 
Cutler 1979). As mineral cycling is retarded in depressional sites 
the ability to produce roots that can penetrate deep organic soils 
allow these sedges access to available nutrients from the mineral 
horizons. This enhances E. vaginatum's ability to dominate in the 


Moss-E. vaginatum ct. 


Eriophorum vaginatum is rare in the Lichen-L. palustre ct, which 
does not include the mineral portion of the solum within the thawed 
layer (Figure 5). Thus despite its ability to withstand 
water-saturated soils with thick organic horizons, it appears that E. 
vaginatum requires some minimal amount of nutrients which are only 


available from a thawed minera! horizon, 


Neither mosses nor lichens can absorb nutrients directly from the 
soil. They absorb nutrients from precipitation and from the water 
which leaches from vascular plants and litter (Dowding et al. 1981). 
Thus the distribution of mosses and lichens do not directly depend 
upon soil nutrient availability. Nutrients may be most available to 
the mosses where snow melt water effectively leaches dead standing 


material of nutrients (Dowding et al. 1981). Therefore, on the 
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involuted hill, mosses are most abundant in the depressions where they 
can receive snow melt water. The relatively low cover of mosses in 
the Lichen-L. palustre ct is probably due to the slightly elevated 
microrelief created by high-center polygons. The centers of these 
polygons will be free of snow (Corns 1974), thereby not only exposing 
mosses to desiccation but also depriving them of necessary nutrients 
from snow melt and leaching. Similarly, the relatively snow-free 
upland ct's will have low amounts of nutrients available for mosses. 
The low cover of bryophytes in the upland ct's may be due, in effect, 


to nutrient deficiencies. 


Lichens are also unable to absorb nutrients directly from the 
soil. They derive their nutrients from rainwater (Hale 1974) and snow 
meltwater. It is to be expected, therefore, that lichens will be 
prevalent in more open sites where there is little interception of 
precipitation from an overhanging vascular plant canopy. The 
extremely poor soil nutrient regime of the Lichen-L. palustre ct, 
coupled with the deep, wet organic material limits the development of 
Shrubs. The open condition of this ct creates a habitat where 
precipitation can reach the soil surface, thereby resulting in optimal 


conditions for the development of lichens. 


Variations in available nutrients and the rate of nutrient cycling 
between ct's probably plays a significant role in the distribution of 
ct's on the involuted hill. Differences in organic matter depths, 
which are correlated with habitat types, strongly influence the rate 


of nutrient cycling and, in combination with soil moisture content, 
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determine nutrient availability to plants. 


Upland tundra stands typically have relatively dry, thin organic 
horizons which tends to create a rapid rate of nutrient cycling and 
yreater nutrient availability. Thus upland sites can support the more 
nutrient-demanding forbs and deciduous shrubs. By contrast, 
depressional stands have wetter, thicker organic horizons; nutrient 
cycling is hindered and nutrient availability is low. These stands 
Support species that are less nutrient-demanding and/or are more 


efficient in retaining nutrients (e.g., Eriophorum vaginatum, Ledum 


palustre). 
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6.0 SUMMARY AND CONCLUSIONS 


Involuted hills are concentrated in a 500 sq km area which starts 
about 15 km east of the hamlet of Tuktoyaktuk on the Pleistocene 
Mackenzie Delta. The hills are massive ground-ice landforms on 
which there are a series of large ridges, creating a "wrinkled" 
landscape. Geological evidence suggest that this area was not 
covered by the late-Wisconsin glaciation and hence may have been 


ice-free for at least 40,000 years. 


The objectives of the study were to: (1) provide a classification 
of the plant community types (ct's) which occur on the involuted 
hill, (2) relate the ct's on the involuted hill to ct's found in 
other low arctic regions, and (3) attempt to provide some insight 
into edaphic factors affecting the distribution of the ct's on the 


involuted hill. 


Using minimum variance cluster analysis, principal components 
analysis and field observations, the 34 stands sampled 
quantitatively on the involuted hill were classified into 5 ct's 


within 3 major groups. 


a) Upland Tundra Group - This group occupies the large outer 
ridges of the hill, midslope positions and rims of the large 
ice-wedges which occur on the central plateau. Both ct's in 
this group are dominated by deciduous shrubs. The 2 ct's in 


this group are the Salix glauca-Lupinus arcticus ct and the 
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Betula glandulosa-Vaccinium-vitis-idaea ct. 


b) Depressional Wetland Tundra Group - These communities occupy 
depressional sites where the water is stagnant. The group is 
composed of 2 ct's: the Moss-Eriophorum vaginatum ct occurs 
in depressions between the outer ridges of the hill and in 
smaller ice-wedge polygon depressions; the Lichen-Ledum 
palustre ct occurs on well-developed, high-center polygons 


and in snowpack sites. 


c) Lotic Wetland Tundra Group - This group is found only along 
drainage channels which dissect the outer ridges of the 
involuted hill. Water flows through these channels all 


summer. A Single deciduous shrub community, the Salix 


pulchra-Alnus crispa ct, makes up this group. 


All the ct's found on the involuted hill have been reported from 
other low arctic regions in North America. What is exceptional 
about the involuted hill is that it has ct's reported from both 
the Arctic Coastal Plain and Foothills Provinces. Most areas of 
coastal lowland tundra are dominated by ct's similar to the Moss- 
Eriophorum vaginatum ct or the Lichen-Ledum palustre ct, with 
shrub-dominated ct's being rare or absent. The prevalence of 
shrub-dominated ct's on the inyoluted hill gives it a physiognomy 
characteristic of the Foothills province on the Alaskan North 


Slope. It thus appears that the uplands of the involuted hills 


contain disjunct foothill elements. 
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5. In the Upland Tundra Group earth hummocks and disrupted soil 
profiles are common; all soils have a mineral base. All upland 
soils belong to the Turbic Cryosol great group. Soils from 3 
Turbic Cryosol subgroups are found in the Salix glauca-Lupinus 
arcticus ct: Brunisolic, Orthic and Gleysolic. The Betula 
glandulosa-Vaccinium vitis-idaea ct is dominated by Brunisolic and 


Orthic Turbic Cryosol subgroups. 


6. Earth hummocks and disrupted horizons are less common in 
Depressional Tundra stands. In the Moss-Eriophorum vaginatum ct 
the mineral horizon is gleyed, reflecting the wetter, anaerobic 
conditions. Soils of this ct are dominantly Gleysolic Static 
Cryosols with minor inclusions of Gleysolic Turbic Cryosols. In 
the 3 stands of the Lichen-Ledum palustre ct that developed on 
high-center polygons, organic horizons occupied the entire active 
layer. Soils in these stands are probably Mesic or Humic Organic 


Cryosols. Soils were not sampled in the snow bank stands and the 


Salix pulchra-Alnus crispa ct. 


7. Soil moisture content was significantly greater in the 
Depressional Tundra Group than in the Upland Tundra Group. There 
was no significant difference in soil moisture content within each 
group. Organic depths tended to be thinnest in the Salix 
glauca-Lupinus arcticus ct and thickest in the Lichen-Ledum 
palustre ct. The depth of organic matter was intermediate and 
equal in the Betula glandulosa-Vaccinium vitis-idaea ct and the 


Moss-Eriophorum vaginatum ct. Mineral soil in the active layer 
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was thickest in the S. glauca-L. arcticus ct, intermediate in the 
B. glandulosa-V. vitis-idaea ct and Moss-E. vaginatum ct, and did 


not appear in the Lichen-L. palustre ct. 


In general, available nutrient concentrations in the mineral part 
of the solum were uniform among the ct's. In the organic horizons 
available nutrients, notably nitrogen, phosphorus and calcium, 
tended to be greater in the Upland Tundra Groups than in the 
Depressional Tundra Groups. The ct's, in order of decreasing 


available nutrient content in the organic horizons, are: S. 


glauca-L. arcticus, B. glandulosa-V. vitis-idaea, Moss-E. 


vaginatum, Lichen-L. palustre. 


Soils in depressional sites are waterlogged and probably 
anaerobic. Thus plants that are able to translocate oxygen from 
their shoots to their roots (e.g., E. vaginatum) or that can root 
above the anaerobic portion of the solum (e.g., most ericaceous 
shrubs) will be able to survive in depressions. The drier soils 
of the Upland Tundra Group allow plants to freely root through the 


surface organic horizons. 


Nutrient availability is a major factor determining the location 


of the ct's on the involuted hill. Both Salix glauca and Lupinus 


arcticus are restricted to the stands of highest nutrient 


availability on the hill. These stands have thin organic hori- 
zons, deep thawed layers and relatively dry, but not xeric, soil 


moisture regimes. Such stands will have more rapid nutrient 
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cycling and can support the more nutrient demanding deciduous 
shrubs and forbs. The fact that the cover of S. glauca is lower 
in the B. glandulosa-V. vitis-idaea ct, where soil moisture is not 


significantly different than in the S. glauca-L. arcticus ct, but 


organic matter is deeper and more nutrient-poor, may indicate that 


nutrient availability limits the distribution of S. glauca on the 


involuted hill. 


Depressional stands are dominated by species adapted to the low 
nutrient availability in these sites. These species have low 


nutrient requirements and/or are efficient in retaining the 


nutrients they absorb (e.g. Ledum palustre, Eriophorum vaginatum). 


Neither mosses nor lichens can absorb nutrients directly from the 
soil. They survive in the nutrient-poor depressional stands by 
absorbing nutrients from precipitation and from water leaching 
from vascular plants and litter. On the involuted hill mosses are 
most abundant in depressions where they can obtain water from 
melting snow. Lichens are prevalent on high-center polygons. 
These polygons are extremely low in available nutrients, 
restricting the development of a vascular plant canopy. As there 
is little interception of precipitation by vascular plants, 


lichens thrive in these open sites. 


Although no soils data are available for the Salix pulchra-Alnus 
crispa ct some qualified speculations can be made about the 


occurrence of this ct. Nutrient availability is probably high in 
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this ct as the flowing water is likely bringing in nutrients from 
the upland sites and may itself be eroding into the mineral soil. 
A high nutrient availability and oxygen supply would explain the 
abundant and vigorous shrub growth observed in this ct. As water 
is flowing through these stands it may not produce the problems 
associated with the stagnant water of the depressional stands. 
This would further allow for the dominance of shrubs in these 


habitats rather than graminoids. 
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